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INTRODUCTION 
The survival of the hybrid seed maize (Zea mays L.) 
industry depends on the development of superior inbred lines. 
These inbred lines are important because they are the parental 
stocks for the production of hybrids. The utility of inbreds 
as parental material is twofold. First, large quantitites of 
seed can be produced for many years without appreciable 
changes, and second, in certain combinations two uniform in­
breds produce a uniform hybrid which is more vigorous and 
higher yielding than either inbred parent. 
During the early part of the twentieth century large 
numbers of inbred lines were developed. Many of the inbred 
lines lacked vigor and were either difficult or impossible to 
maintain. Since those early days inbred lines have been de­
veloped with considerably more vigor. However, there is still 
a demand for more vigorous inbred lines, particularly since 
the change from the production and use of double-cross to 
single-cross hybrids. 
There has been some consideration that a form of in­
breeding milder than selfing might produce more vigorous 
lines. This philosophy developed because selfing would tend 
to fix more deleterious recessive genes early in the inbreeding 
process. Once these genes are fixed by inbreeding they cannot 
be replaced, whereas, the milder methods would allow for more 
chances to select against these deleterious genes. These 
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milder methods of inbreeding have one major disadvantage, 
however, because they take more generations to produce 
homozygous lines. 
The present study was conducted to compare the effects of 
inbreeding by selfing and full-sib mating in 'Iowa Stiff 
Stalk Synthetic* (BSSS). The objectives of my study were to 
determine; 
1. If the rate of inbreeding depression differs when 
inbred lines are developed by selfing (S), full-
sibbing (PS), and a combination of full-sibbing and 
selfing (FSS); 
2. If differences can be detected between means of lines 
developed by the three methods of inbreeding at com­
parable levels of homozygosity; 
3. If the rate of inbreeding depression changed after 
six cycles of recurrent selection; and 
4. If two traits change similarly in approaching homo­
zygosity by use of simple phenotypic correlations. 
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LITERATURE REVIEW 
Man gradually began to realize the harmful effects 
associated with inbreeding as he began to systematically breed 
plants and animals. Knight (1799), from his observations that 
nearly all plants and animals are benefited by crossing, was 
led to believe that self-fertilization was not a natural pro­
cess and always produces more or less injurious results. His 
views were summarized with the following statement, "nature 
intended that a sexual intercourse should take place between 
neighboring plants of the same species." Darwin (1888) was 
even more explicit. From his observations of animals and di­
rect experimentation with plants, he concluded that "nature 
abhors perpetual self-fertilization." Darwin's comparisons of 
self-fertilized plants with cross-pollinated plants showed that 
in the majority of cases the self-fertilized plants were 
clearly inferior. These observations led to the belief that 
the evil effects of inbreeding kept on accumulating until 
eventually a plant or animal continuously reproducing in that 
manner was doomed to extinction. It was only after Mendel's 
Laws were rediscovered that this earlier view of inbreeding 
was disregarded: When it was realized that recessive charac­
ters could be concealed for many generations until exposed by 
inbreeding, it was realized that inbreeding per se was not 
deleterious, but the exposure of the deleterious recessive 
alleles was the true culprit (East and Jones, 1919). Early 
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observations by Shull (1908) and East (1908) suggested the 
potential use of inbred lines for the production of hybrids. 
Shull (1908) observed that the injurious effects of inbreeding 
could not be due to the accumulation of deficiencies possessed 
by the parent because both superior and inferior plants yielded 
similar results of less vigorous offspring. East (I9O8) 
further pointed out that under the hypothesis of continued 
accumulation of deficiencies, continued inbreeding should cause 
further deterioration. Shull theorized that once the biotype 
has been extracted, no more degeneration would be expected, 
provided the plant is not diseased or injured. 
Inbreeding Depression and Heterosis 
Just as inbreeding depression is the result of mating 
related individuals, heterosis or hybrid vigor is the result 
of mating unrelated individuals. Inbreeding depression and 
heterosis have been shown to be due to differences in gene 
frequencies and some level of dominance (intra-allelic inter­
actions). Epistasis, an interallelic interaction, has not 
been shown to play as great a role. Recent evidence by Silva 
and Hallauer (1975) indicates that our present statistical 
models to measure epistasis are inadequate. With our present 
models, if there is no epistasis, a linear relationship would 
be expected between the degree of heterozygosis and agronomic 
performance. If this relationship is curvilinear this would 
indicate interactions between nonallelic genes (epistasis). 
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Studies of Inbreeding Depression 
Stringfield (1950)» using four inbred lines of maize, 
reported significantly higher yields in backcrosses over Fg's 
and in single crosses and three-way crosses over double 
crosses. He proposed that either backcrosses and single and 
three-way crosses have a more even distribution of dominant 
genes at a dosage of higher average efficiency than Pg's and 
double crosses or that backcrosses and single and three-way 
crosses tend to carry genes in favorable combinations from a 
selected inbred parent intact. Grain yield was linearly re­
lated to the increase in heterozygosis, but ear height and 
days to silking deviated significantly from linearity. 
Sentz, Robinson, and Comstock (195^) developed material 
for five levels of heterozygosis from two single-cross popula­
tions of maize employing the inbred lines (OjS), their 
(100^-), Pg and first second (24^^, and double 
{15%) backcross generations. The field trials were conducted 
for four years at four locations each year. The data gen­
erally indicated the existence of epistasis. A quadratic re­
lationship obtained for ear number illustrates that hybrid 
vigor for yield cannot be accounted for by increased ear num­
ber alone. Variability in performance over levels of hetero­
zygosity under various environmental conditions demonstrates 
the importance of genotype by environment interactions in es­
tablishing principles of quantitative inheritance. 
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Rumbaugh and Lonnquist (1959) developed an 8 x 8 diallel 
by crossing four selected lines of high combining ability with 
four lines of low combining ability. The through gen­
erations were tested in two years. Although there was limited 
evidence for nonadditive effects for yield and plant and ear 
height, they were small in comparison to the variation ex­
plained in terms of the additive gene model. The data were 
mainly in favor of partial dominance, but there was some in­
dication of over dominance. Nonlinearity of regression over 
generations of inbreeding may be caused not only by epistasis, 
but by linkage or differential effects of environment on the 
various levels of heterozygosity. 
Robinson and Cockerham (I96I) utilized two open-pollinated 
varieties, 'Jarvis Golden Prolific' and ' Indian Chief, their 
F^ cross, Fg, and selfs of each variety to produce five levels 
of heterozygosity. The relationship between performance and 
heterozygosity was essentially linear for both yield and ear 
height. They concluded that the additive-dominance gene model 
adequately explains their results, but they did not rule out 
epistasis. They further point out that some types of epistasis 
do not cause deviations from the linear. 
Sing, Moll, and Hanson (I967) developed seven inbred sub-
populations from two open-pollinated varieties, Indian Chief 
and Jarvis Golden Prolific. Inbreeding ranged from F = 0.0 to 
F = 0.5625» obtained from double-double (eight lines) pedi­
grees. Inbreeding was determined by the number of times a 
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particular line was included in the pedigree. Inbreeding 
depression as measured by yield, number of days to tassel, 
ear hei^t, and plant height showed a linear trend when re­
gressed on expected inbreeding levels. 
Center (1971). using two synthetics, Iowa Stiff Stalk 
Synthetic (BSSS) and 'Virginia Com Belt-Southern Synthetic' 
(CBS), was able to show less inbreeding depression for S^ 
lines from advanced cycles of each of the synthetics than from 
the original. The BSSS(HT)C7 population, however, yielded 
slightly less than the BSSSCQ population, while CBS(S)C4 
yielded 199? more than CBSCO. 
Hallauer and Sears (1973) using 248 selfed lines derived 
from BSSS obtained changes associated with inbreeding for 10 
quantitative traits. Using the Duncan's Multiple Range Test 
of the combined means, they showed that most of the differences 
among generations Sn and S^ were significant. Only ear di­
ameter, kernel depth, and yield showed significant differences 
among generations S^, S^, and Sy. The regression analysis 
showed that a linear model would explain most of the variation. 
They concluded that a genetic model based on the cumulative 
effects of Icci with dominance for most traits would explain 
the effects of inbreeding; i.e., inbreeding depression is the 
result of an increase in the frequency of homozygous recessive 
deleterious loci. 
Burton (1975) studied the variability of inbreeding re­
sponse in four sets of eight inbred lines that were randomly 
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chosen from the variety Indian Chief. The eight lines were 
mated to produce material with expected F values of 0.0, 
0.125, 0.1875i 0.25t and O.3125. In each set at each level of 
inbreeding 20 samples were taken. He evaluated the material 
in four environments for grain yield, ear number, and ear 
height. All four sets showed significant inbreeding depression 
for yield, two for ear height, and only one for ear number. 
When inbreeding depression was significant it was linearly re­
lated to the increase in F. No quadratic effects were signifi­
cant. The linear rate of inbreeding was equal for yield in all 
sets. There was, however, considerable variation among the 20 
samples within a set for all three traits. This variability 
was thought to be twofold. First, that there was possibly 
differences in genetic potential for inbreeding depression 
among the original genotypes sampled. Secondly, there may 
have been genetic sampling error with inbreeding. He noted 
that genotype by environment interactions generally were not 
significant. 
Comparison of Inbreeding Depression by Different Methods 
V  V  ^  X  A  A  k / 1  G  G  1  G O O X W A X  KtJ  i U G V i X V / V J - O  V  V X i G l .  
than selfing have been quite limited. One of the earlier 
studies was done by a Canadian businessman. Macs.ulay (I928) 
proposed a method of inbreeding that was less severe than self­
ing which he called plot-inbreeding. Seed from selected ears 
were planted the next year in plots containing 200 to 250 
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plants (28 feet wide by 28 to 35 feet deep). Each plot was 
separated from the next by 35 to 4-2 feet of a late silage 
com. Only the earliest plants with large uniform ears were 
selected each generation. Although no actual data are re­
ported, he claims that vigorous lines are produced which are 
inbred by the plot method. He further states on a theoretical 
basis that the best lines from self-fertilization must be 
inferior to the best from the plot-inbreeding methods. He 
bases this conclusion on two differences. First, under self-
fertilization 50^ of all heterozygous factors are reduced to 
homozygosity in one generation, whereas, in the plot-inbreeding 
method it takes several generations to reach an equal degree 
of homozygosity. Thus, there is more chance for selection 
under plot-inbreeding. Second and more importantly, plants 
grown from a self-fertilized ear can only inherit such favor­
able factors as were present in the parent plant. On the 
other hand, by the plot system it is at least possible to 
gradually combine into a single homozygous strain all the 
favorable factors possessed by plants of a plot. He believed 
that it was possible to develop homozygous strains that would 
be competitive with hybrids = 
Lindstrom (1939) reported developing 10 inbred lines of 
similar theoretical homozygosity by each of four systems : 
(1) one generation of sibbing, three generations selfing, 
four generations sibbing; (2) two generations sibbing, three 
generations selfing, three generations sibbing; (3) three 
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generations sibbing, three generations selfing, two genera­
tions sibbing; and (4) four generations sibbing, three genera­
tions selfing, one generation sibbing. The progenies from 
system 4 were reported to be slightly superior phenotypically 
in vigor and size of ear. All 10 lines in systems 2, 3, and 
4 were maintained throughout the eight years. Lindstrom 
noted that "the best efforts could not save one line from ex­
tinction and a second one was really too poor to carry on" in 
system 1. He proposed that mild inbreeding at the beginning 
of a line would not only prevent too rapid a fixation of 
deleterious characters, but would also provide a broader base 
for selection under diverse environmental conditions. He 
further asks the question whether these same results could be 
attained by merely using large numbers in a continuous self-
fertilization program. 
Harvey and Rigney (19^7) conducted an inbreeding study 
using prolific maize varieties. They developed sublines 
within 13 families by four different inbreeding systems over 
seven generations. Starting with single plants in open-
pollinated varieties, one ear was selfed and one was sib-
pollinated, and these two ears formed a family. In each 
family, selfing was continued in one subline and sibbing in 
the other subline. After three generations the selfed sub­
line was divided into two with selfing being continued in one 
and sibbing in the other. At the same time the sibbed sub­
line was divided into a sibbing and a selfing subline. Each 
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of the 13 families had four sublines after seven generations of 
inbreeding! seven generations of selfing (7S), three genera­
tions of selfing and four generations of sibbing (3S-4FS), 
seven generations of sibbing (7FS), and three generations of 
sibbing and four generations of selfing (3PS-4S). 
Yield trials of the inbred lines per se showed the vigor 
of plants to be closely in line with the theoretical expecta­
tion based on the degree of heterozygosity. The response to 
continuous sibbing with selection appears to be the same as to 
continuous selfing. They noted that 3S-4-FS lines (P=0.937) 
averaged more grain than expected, while 3FS-4S lines (P=0.969) 
averaged less grain than expected. They propose that it might 
be better to inbreed intensely at the beginning of an inbreed­
ing program and select out the deleterious factors early, than 
to use mild inbreeding in early generations and retain dele­
terious genes which segregate out in later generations. Part 
of the reason for low yield of JFS-^S lines was because of 
segregation for barren plants in some of the lines. They also 
noted that prolificacy tended to be reduced with inbreeding, 
but that the reduction was slight in comparison to the reduc­
tion in yield. 
Kinman (1952) proposed developing lines for hybridization 
by a system called composite sibbing. Each progeny was 
grown in two adjacent rows. Pollen from selected plants in 
one row was bulked and applied to silks in the companion row. 
Composite sibbed lines were superior to lines isolated from 
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the same Sq  selection in earliness, plant height, and yield. 
The sibbed lines were slightly more variable than the related 
lines in maturity, number of tassel branches, plant height, 
and yield. On the average, testcross hybrids involving the 
sibbed lines were not different in performance or variability 
from those of lines isolated from the same source. The 
composite sib lines required greater identification of char­
acters of the lines and a greater precaution against con­
tamination than inbred lines. 
Stringfield (1973) initiated a program to develop "broad-
lines" by assortative mating in 196I. At first, lines, hybrids, 
or both were assembled into gene pools. Within a gene pool 
each line or hybrid occupied one row. Mixed pollen from se­
lected plants in a selected row was placed on protected silks 
in the adjacent row in chain fashion. Seed of selected 
crossed plants in selected rows was composited to repeat the 
row in the next generation. This was continued until the pools 
developed a recognizable character and were called broad-lines. 
Broad-line crosses were tested at high density with toperosses 
of elite single crosses in 1964. Broad-lines were superior in 
many fitness traits, but were inferior for yield and stalk 
quality. Later tests showed broad-lines compared favorably 
with elite inbred lines in contribution to yield and defense 
traits. 
Cornelius and Dudley (1974) developed 60 full-sib families 
from the diploid Synthetic O.P. Each family consisted of 12 
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generations of descendants from a mating of two randomly 
chosen plants in the original population (generation zero). 
From the full-sib family (generation 1) produced by each of 
these matings, a randomly chosen individual was selfed (pro­
ducing generation SlFg or and also crossed onto a randomly 
chosen full-sib (producing generation SBFg or FS^). Selfing 
was continued from generation on an ear-to-row basis until 
seed of generation was obtained. In a similar fashion, 
successive sib-mating generations were obtained from genera­
tion FS^ until seed of generation FSr, was obtained. The study 
was conducted at Urbana, Illinois, in 1970 and 1971. All 60 
families were evaluated in 1970, but only six generations (1, 
FS^, FSg, FSj, S^, and Sg) were included. In 1971. 40 of the 
same 60 families were evaluated using all 12 generations. 
Characters studied were grain yield, plant height, ear height, 
percent moisture at harvest, percent oil, and kernel weight. 
All characters except percent moisture showed significant in­
breeding depression. These traits showed a linear relation­
ship relative to the inbreeding coefficient, except for percent 
oil, which showed significant quadratic effects. The linear 
rate of inbreeding depression for plant height, ear height, and 
grain yield was greater under selfing than under sib-mating. 
Generation SBF^^ (FS^) was significantly higher in grain yield 
than SLFg (S^) in 1970. Genetic correlations between genera­
tions were lower for characters showing the largest inbreeding 
degression. Correlations of full-sib family means with pre-
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dieted means of homozygous lines suggest that selection among 
noninbred families should result in a response in the desired 
direction in the inbred lines ultimately obtained. For yield, 
however, these correlations were so low that they indicated 
that the yield of the noninbred families have little value in 
predicting either the rate of inbreeding depression or the 
yield of the inbred lines ultimately obtained. 
The differences in rates of inbreeding depression under 
sib-mating and selfing were explained in several ways: unin­
tentional selection in the inbreeding process; accidental use 
of an outcross as a parent in some generation; and linkage 
disequilibrium in the original population such that recombina­
tion tended to produce more favorable linkage groups. They 
preferred the latter explanation because it was conceivable 
that in reaching a given level of inbreeding there were more 
opportunities for recombination under sib-mating. 
Inbreeding Theory 
The development of the theory of inbreeding has been 
primarily by Wright (1922) and Malecot (1958). Two 
researchers; Fish (1914) and Pearl (1914), had earlier de­
veloped formula independently for the reduction in heterozy­
gosity in a full-sib mating system. Wright (1921) proposed 
a general pedigree method using path coefficients based on 
correlations between relatives for determining changes in 
hetmrczygosity. Wright (1922) denoted the inbreeding coeffi-
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dent, F, to designate the proportion of heterozygous loci lost 
due to inbreeding. He also showed that when dominance (intra-
allelic interaction) was present, the mean of a population in 
Hardy-Weinherg equilibrium has a linear relationship to F. 
This relationship is described by Falconer (i960) as: Mp = 
a (p-q) + 2pq (1-F) d. The inbred population mean is denoted 
by Mp, a and -a are the genotypic values of the dominant and 
recessive homozygotes, respectively, and d is the genotypic 
value of the heterozygote. 
A second method for computing inbreeding coefficients was 
developed by Malecot (1948). This is the concept of coancestry, 
f, of two parents and is equivalent to the inbreeding coeffi­
cient, F, of the progeny. His theory is based on the proba­
bility that two gametes taken from one parent and one from the 
other will contain alleles that are identical by descent. Two 
alleles (a^ and a^) at a locus are alike in state if they are 
functionally interchangeable. The two alleles, a^ and ag, are 
identical by descent if a^ is a copy of ag, if ag is a copy of 
a^, or if both a^ and ag are copies of a common ancestral 
allele. 
The coancestry is developed instead of working from the 
present back to the common ancestors, as the Wright's F. 
Coancestry works forward, keeping a running tally generation 
by generation to calculate the inbreeding that will result 
from the mating (Falconer, i960). To put both systems on a 
common base, therefore, Wright's coefficient of inbreeding. 
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F, in Malecot's theory is the probability that two homologous 
alleles of an individual are identical by descent. Whereas, 
Malecot's coefficient of coancestry, f, is the probability 
that two homologous genes drawn at random, one from one 
individual and one from another, will be identical (Burton, 
1975). 
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MATERIALS AND METHODS 
Development of Experimental Material 
The plant materials used in this study were developed 
from the base population, 'Iowa Stiff Stalk Synthetic* (BSSS). 
BSSS has proven to be a valuable population for developing in­
bred lines used in commercial hybrids. In 1975 approximately 
one-third of the commercial hybrids produced and grown in the 
U.S. had at least one parent derived from BSSS (Zuber, 1975). 
Inbreeding studies were started in the BSSS population in 
the 1961-62 Florida winter nursery, and the final generations 
were not completed until the 1973.-7^ Florida winter nursery. 
Inbred lines were developed by three methods of inbreeding; 
(1) selfing, (2) full-sibbing, and (3) full-sibbing for five 
generations (or until F = 0.672) and then selfed to homozy­
gosity. Seeds for each generation of inbreeding were saved 
and put in cold storage to compare the rate of inbreeding 
with the three methods of inbreeding. The entries included in 
my experiments, the percent homozygosity of each entry, and 
the number of lines included with each method of inbreeding 
are listed in Table 1, Originally, 2 40 unselected Sq plants 
were selfed and 243 pairs of Sq plants were sibbed. Two 
separate samples of Sq plants from BSSS were used to develop 
the self and sib series of lines. Two of the selfed lines 
were lost as the lines approached homozygosity. 
The three groups of lines that were inbred to homozygosity 
Table 1. Summary of the material from Iowa Stiff Stalk Synthetic (BSSS) used in 
this study for different methods of inbreeding 
BSSSGO BSSS(R)C6 
Selfing^ Full-sib^ Full-sib-self Half-sib° Selfing Full-sib 
Gen. P, fo Gen. F, fo Gen. F, % Gen. F, fo Gen. F, % Gen. F, % 
So 0.0 FSo 0.0 fSo 0.0 HSQ 0.0 So' 0.0 0
 0
 
0
 
^1 50.0 FSj^ 25.0 rS]. 25.0 HS^ 12.5 Si' 50.0 PS^' 25.0 
^2 75.0 PSg 37.5 FSp_ 37.5 82' 75.0 FSg' 37.5 
^3 87.5 FS^ 50.0 FS.J 50.0 
93.8 F8^ 59.4 FS4 59.4 
"5 96.9* FS3 67.2 FS^ 67.2 
^6 98.4 PS^ 73.4 FS,;-8i 83.6 
99.2* F^7 78.5 FS9-S2 91.8 
^8 99.6 PSg 82.6 PS.-S3 
FS'^-S^ 
FK5-S5 
95.9* 
FS^ 
P81O 
85.9 
88.6 
98.0 
99.0^ 
PSio-Sl 94.3* PS,-Sa 99.5 
FSlO" ^2 97.2 
FSio- 98.6 
No. of 
lines 248 243 243 100 73 105 
^F ••= 0.5+ 0. 5F'. 
^F = 0.25 + 0.5F* + 0.25F". 
°F = 0.125 + 0.75F' + 0.125F". 
^Not included in this study., 
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were considered to be an unselected group of random inbred 
lines. Each inbred line was developed by a modified single-
seed descent procedure. For each generation of the selfing 
series, seed from the selected ear was planted ear^to-row, 
and the first three plants of each row were selfed. The middle 
plant was harvested and planted ear-to-row the next season. 
If the middle plant was either badly diseased or produced no 
seed, the third plant was saved, and if the third plant did 
not produce seed the first plant was harvested. The full-sib 
series was handled in a similar manner as the selfing series. 
In the first generation, however, two noninbred Sq plants were 
crossed to form a full-sib family. The seed from each sibbed 
ear was planted ear-to-row and the first three plants were 
chain sibbed. The second plant was always harvested if at all 
possible, but if it was either diseased or did not produce 
seed the third plant was harvested. If neither the second nor 
third plant produced viable seed, the first plant in the row 
was harvested and used to maintain the line. After 10 genera­
tions of full-sibbing, we selfed three generations to approach 
complete homozygosity in a reasonable period of time. The 
full-sib-self series was started by growing out the FS^ lines 
in separate rows from that used to produce the FS^. The mat-
ings in the full-sib-self lines were handled similar to the 
selfing series for six more generations of inbreeding by 
selfing. 
One hundred half-sib families were formed in 1973 by 
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crossing three to five Sq  plants as males onto one Sq  plant 
as the female. In the 1973-74 Florida winter nursery each of 
the 100 female ears were planted ear-to-row. The plants in 
each row were then mated like the full-sib series. The first 
mating formed the half-sib family or, in this case, all the 
seed on a given ear were half-sibs. The second mating was 
between half-sibs within a half-sib family which means their 
offspring will be inbred 12.595. 
To check the success of recurrent selection for the selec­
tion of favorable alleles, Sq plants from the sixth cycle of 
recurrent selection for yield in BSSS were carried to the $2 
and the FS2 in a similar fashion as for the CO population. 
BSSSCO and BSSS(R)C6 were included in the experiments as refer­
ence points for the noninbred generations. 
Two replications of individual hills of each of the inbred 
lines (Sn) derived by selfing were planted in I969. In the 
first replication individual inbred plants, each from a dif­
ferent Sr, inbred line, were chain-crossed within a row to 
produce one set of single crosses, whereas, in the second 
replication crosses were made among inbred plants between 
rows to produce another set of single crosses= Seed was ob­
tained from 406 different single crosses, which were shelled 
and packaged individually. In 1972, a hill of each of 203 
single crosses was planted in one replication and as many 
double crosses were produced as possible by chain crossing. 
Another set of 203 single crosses were grown in another 
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replication and an additional set of double crosses was made 
"by the same technique. Approximately 270 double crosses were 
shelled and packaged individually. The single and double 
crosses produced in this manner were considered a random group 
of crosses. The single and double crosses were produced and 
grown to check on the sufficiency of our sampling of Sq plants 
in BSSSCO for the development of the three sets of relatively 
homozygous lines. 
Experimental Procedures 
Because of the number of different generations of in­
breeding, only selected generations of each method of inbreed­
ing were evaluated. We also included the BSSSCO and BSSS(R)C6 
populations and a bulk entry of each of the random single 
crosses and double crosses (Table 2). We did not evaluate 
each generation of each line individually. Instead, each line 
was represented once at each location and where there was less 
than 250 lines a second kernel was taken at random so that 250 
kernels were bulked for a given entry. These 250 seeds were 
then divided equally into five 50-kemel plot packets. For 
entries like the half=sibs, which had only 100 lines, equal 
seeds were taken from each line; i.e., three from the first 50 
and two from the second 50» Each plot packet was assigned at 
random to each of the five replications within a location. 
The experiment was grown in nine environments, four in 
1974 and five in 1975 (Table 3)« The locations in 1974 were 
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Table 2. Listing of the entries included in the inbreeding 
study and the percent homozygosity, origin, and 
year the seed was produced 
Percent 
Entry Entry homozy- Year seed 
number description gosity Origin produced 
1 12.5 iiSSSCO Fla. 1973-74 
2 FS]_ 25.0 BSSSCO 1962 
3 FS]^' 25.0 BSSS(R)C6 1973 
4 FS2 37.5 BSSSCO 1963 
5 FSg' 37.5 BSSS(R)C6 Fla. 1973-74 
6 Si 50.0 BSSSCO Fla. 1961-62 
7 Si' 50.0 BSSS(R)C6 P.R. 1972-73 
8 FS3 50.0 BSSSCO Fla. 1963-64 
9 59.4 BSSSCO 1964 
10 FS3 67.2 BSSSCO 1965 
11 FS6 73.4 BSSSCO 1966 
12 S2 75.0 BSSSCO 1962 
13 S2' 75.0 BSSS(R)C6 1973 
14 
^8 82.6 BSSSCO 1968 
15 FS5-S1 83.6 BSSSCO 1966 
16 
"3 87.5 
BSSSCO 1963 
17 PS9 85.9 BSSSCO 1969 
18 Sk 93.8 BSSSCO 1964 
= half-sibbing, FS and FS* = full-sibbing, S and S* = 
selfing, and FS-S = full-sibbing followed by selfing. 
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Table 2. (Continued) 
Entry 
number 
Entry 
description 
Percent 
homozy­
gosity Origin 
Year seed 
produced 
19 FS5-S2 91.8 BSSSCO 1968 
20 fSio 88.6 BSSSCO 1970 
21 % 98.4 BSSSCO 1966 
22 FS5-S4 98.0 BSSSCO 1970 
23 FS10-S2 97.2 BSSSCO 1972 
2k Sa 99.6 BSSSCO 1972 
25 FS5-S6 99.5 BSSSCO 1972 
26 fSlO-S3 98.6 BSSSCO 1973 
27 BSSSCO 0.0 BSSSCO 1966 
28 BSSS(R)C6 0.0 BSSS(R)C6 1972 
29 Single crosses 0.0 BSSSCO 1969 
30 Double crosses 0.0 BSSSCO 1972 
Kanawha, Aiaes Agronomy Research Center. Ames Hinds Farm, and 
Martinsburg; in 1975 the locations were the same as in 1974 
with the addition of Ankeny. Four-row plots were used with one 
row of border on each side of a two-row plot. The plots were 
bordered to reduce intergenotypic competition among entries. 
Bulks of lines with comparable levels of inbreeding were pro­
duced to use for borders for the half-sib, full-sib, and 
selfing entries. For entries with 75^ homozygosity or higher, 
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Table 3. Test sites used in 1974 and 1975 for evaluating the 
effects of inbreeding by three methods of inbreeding 
Yield 
Year Location 
Date 
planted 
Mean 
q/ha 
0
 
1974 Ames, Agronomy 
Research Center 
April 29 45.61 10.18 
Ames, Hinds Farm May 6 44.00 10.55 
Kanawha May 3 37.58 11.31 
Martinsburg April 25 41.09 9.46 
1975 Ames, Agronomy 
Research Center 
May 5 53.93 20.03 
Ames, Hinds Farm May 16 40.04 14.38 
Kanawha May 10 45.89 13.85 
Martinsburg May 1 33.46 12.91 
Ankeny May 17 35.68 24.31 
a bulk of late inbred lines (e.g., N28, CI3IA, B52, B14, etc.) 
was used. 
The plots were 7-1 m long and 101.6 cm between rows at 
all locations except Martinsburg and Ankeny where the rows 
were 96.5 cm apart. The plants were 25.4 cm apart in the row 
at all locations. Each location was planted as a randomized 
complete block with five replications. Supplemental irrigation 
was applied at the Ames Hinds Farm in both 1974 and 1975 by 
means of an overhead sprinkler system. The drought stress 
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was reduced, but there were still symptoms of water stress 
in both years. 
Data were collected on each plant in each plot to obtain 
a mean per plant for date of silk, plant and ear height, and 
yield. For the ear traits, only 20 ears were measured per 
plot. Date of silk was taken only at the Agronomy Research 
Center in 1974 and 1975- Plant and ear height were recorded 
at the Agronomy Research Center and the Ames Hinds Farm in 
both years after anthesis. Yield and ear trait data were 
taken for all locations after the ears were harvested and 
dried to a uniform moisture of approximately 6^. Traits and 
methods of measurement were as follows s 
Plant traits 
Date of silk: Each plant in each plot was tagged for 
date when silk emerged from its ear, with July 1 as the 
reference point. The plots were checked daily for approxi­
mately a month. Nearly 90% of the plants were dated. Some 
plants were either inadvertently missed or did not silk be­
cause of barrenness. 
Plant height 1 The height of each plant was measured from 
the ground to the point of attachment 3f the uppermost (flag) 
leaf. The measurement was to the nearest 5 cm. 
Ear height: The height of the ear was taken from the 
ground to the nodal attachment of the top ear. This measure 
was also to the nearest 5 cm. 
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Second ears per plant: The number of second ears per 
plot was recorded in all nine environments and was then con­
verted to second ears per plant by dividing by the number of 
plants per plot. 
Average barrenness per plant: Barrenness was recorded 
as number of barren plants per plot only at the four loca­
tions grown in 1974. It was converted to the average barren­
ness per plant by dividing the number of barren plants by the 
number of plants per plot. 
Standi The stand for each plot was recorded at harvest 
by counting the number of plants available in each plot. 
Ear traits 
Ear trait measurements were on 20 primary ears taken at 
random from those available from a plot, and mean per plant 
was calculated. The yield estimate was made on all ears from 
a given plot. 
Ear length: Ear length was measured to the nearest 
centimeter for the 20 ears. Total ear length was taken for 
the 20 ears and divided by 20 to put on a per ear basis. 
Ear diameter; The total diameter of the 20 selected 
primary ears were measured in centimeters and recorded to the 
nearest one-half of a centimeter. 
Cob diameter: After shelling the selected 20 primary 
ears the total diameter of the cobs was measured to the 
nearest one-half of a centimeter. 
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Kernel depth: Kernel depth was calculated as the dif­
ference between ear diameter and cob diameter. It is the 
depth of the kernels on both sides of the cob recorded in 
centimeters. 
Yield; All the ears from each plot were dried and 
shelled. The shelled grain was recorded to the nearest gram. 
Since stand counts had been made in the field before harvest, 
the average yield per plant was determined. Yield was con­
verted to quintals per hectare by use of the conversion factor 
of 0.40364. 
Three hundred kernel weight: A sample of shelled grain 
from each plot was collected. A 300-kemel sample was counted 
from the sample with an electronic seed counter and weighed in 
grams. 
Statistical Analysis 
Each experiment was planted in the field as a randomized 
complete block with 30 entries and five replications. Each 
experiment included, therefore, 150 plots per location. There 
were nine environments over the two years that the study was 
conducted; i=e=; four in 19?4 and five in 1975» 
Analysis of variance 
The analysis of variance for each trait was conducted by 
use of the ABIYOYO Randomized Block and Lattice Program. The 
statistical model for the combined analysis of variance was; 
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%ijk = u + + «ij + G% + (aE)j^^ + 
where i = number of environments (1,2,...9); j = number of 
replications within the i^^ environment (1,2,3,4,5); and k = 
number of entries (1,2,...30). is the observed mean of 
the k^^ entry in the replication within the i^^ environ­
ment, where u = the overall mean; = the effect of the i^^ 
environment; R. . = the effect of the replication within 
the i^^ environment; = the effect of the k entry; 
(GE)ik = the effect of the interaction between the k^^ entry 
and the i^^ environment; and e^^^ = the experimental error. 
The basic assumptions of the model are: 
2 2 (0, <jg)and e^^j^'^NID (0, a ). The environments 
were treated as random effects while the entries were con­
sidered fixed. The analysis for each trait was computed on 
plot means. The analysis of variance table for the randomized 
complete block design for an individual location is shown in 
Table 4. The analysis of variance table for the experiments 
combined over environments is presented in Table 5* 
The combined analysis is further complicated by separating 
components from the entry sums of squares and environment-by-
entry sums of squares. Each main effect was tested by the 
appropriate interaction component. 
Regression analysis 
Two regression models were fitted to the individual en­
vironments and the combined means % Y = g g + the linear 
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Table 4. Form of the analysis of variance for a given trait 
with the expected mean squares in one environment 
Source of , 
variation d.f. MS E(MS)° 
Replications (r-1) 
Entries (g-1) 0^ + rK^ 
Error (r-l)Cg-l) Mg 
^r = number of replications and g = number of entries. 
a = experimental error variance, and Kq - genetic ef­
fects among entries. 
Table 5« Form of the combined analysis of variance for a 
given trait with the expected mean squares 
Source of , 
variation d.f.^ MS E(MS)° 
2 2 2 Environments (E) (e-1) Gf + ga^/^ + rga^ 
2 ^ 
Replications/E e(r-l) a + go^yg 
Entries (g-1) + ra^g + reK^ 
2 2 E X entries (e-1)(g-1) 0 + ra^g 
2 Pooled error e(r-l)(g-l) a 
^e = number of environments; g = number of entries; and 
r = number of replications/E. 
b 2 2 0g = environmental variance; = the variance of the 
replications within environment effect; K? = genetic effects 
2 ^ 
among entries; a^g = genotype-by-environment interaction vari­
ance; and = error variance. 
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model, and Y = 0q + • tha quadratic model, where X 
is the level of homozygosity (X = 0.0 to 100.0) and Y is the 
trait being measured. Using regression coefficients for the 
two models, the relative rate of change for each character 
with increasing homozygosity was determined. Tests of sig­
nificance were made for the linear and quadratic sums of 
squares. 
The regression technique used to compare the three methods 
of inbreeding involved using a single X matrix and a least 
squares analysis to force all prediction lines through a common 
origin, as proposed by Eberhart (1964). Table 6 gives the form 
of the X matrix for the linear model and Table 7 gives the 
matrix for the quadratic model. The linear model using the 
common origin would be as followsi Y = Pq + BgX^ + ^^3X2 + 
^FSS^3' where X^, Xg, and X^ are the levels of inbreeding for 
the selfing, full-sib, and full-sib-self series, respectively; 
Pq is the intercept value, and gg, and are the 
linear regression coefficients for the selfing, full-sib, and 
full-sib-self series, respectively. The quadratic model using 
the common origin would be as follows: Y = Bq + BgX^ + BpgXg + 
^FSS^3 ^  ^QFS^5 "QFSS^é' "i' "2' "3 
levels of inbreeding for the selfing, full-sib, and full-sib-
self series, respectively; X/^, X^, and Xg are the squares of 
the inbreeding coefficients for the selfing, full-sib, and 
full-sib-self series, respectively; is the intercept value, 
Bg, Bpgf and Bpgg are the linear regression coefficients for 
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Table 6. The X matrix for a linear regression analysis using 
a common origin in BSSSCO 
Regression coefficient 
Y ^ Y & Y a Y ^ Y*^ 
0 X 2 3 
1 0.0 0.0 0.0 0.0 
1 50.0 0.0 0.0 50.0 
1 75.0 0.0 0.0 75.0 
1 87.5 0.0 0.0 87.5 
1 93.8 0.0 0.0 93.8 
1 98.4 0.0 0.0 98.4 
1 99.6 0.0 0.0 99.6 
1 0.0 25.0 0.0 25.0 
1 0.0 37.5 0.0 37.5 
1 0.0 50.0 0.0 50.0 
1 0.0 59.4 0.0 59.4 
1 0.0 67.2 0.0 67.2 
1 0.0 73.4 0.0 73.4 
1 0.0 82.6 0.0 82.6 
1 0.0 85.9 0.0 85.9 
1 0.0 88.6 0.0 88.6 
1 0.0 97.2 0.0 97.2 
1 0.0 98.6 0.0 98.6 
]_ 0.0 0.0 83.6 83.6 
1 0.0 0.0 91.8 91.8 
1 0.0 0.0 98.0 98.0 
1 0.0 0.0 99.5 99.5 
^Xq, X^, Xg, and X^ are the intercept, levels of inbreed­
ing for the selfing, full-sib, and full-sib-self series, re­
spectively. 
^X is the level of inbreeding over all three series. 
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Table 7. The X matrix for a quadratic regression analysis using a 
common origin in BSSSCO 
Regression coefficient^ 
Xo' X3^ xt Y ^5' V 
X2t 
1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
1 50.0 0.0 0.0 50.0 2500.0 0.0 0.0 2500.0 
1 75.0 0.0 0.0 75.0 5625.0 0.0 0.0 5625.0 
1 87.5 0.0 0.0 87.5 7656.3 0.0 0.0 7656.3 
1 93.8 0.0 0.0 93.8 8798.4 0.0 0.0 8798.4 
1 98.4 0.0 0.0 98.4 9229.9 0.0 0.0 9229.9 
1 99.6 0.0 0.0 99.6 9920.2 0.0 0.0 9920.2 
1 0.0 25.0 0.0 25.0 0.0 625.0 0.0 625.0 
1 0.0 37.5 0.0 37.5 0.0 1406.3 0.0 1406.3 
1 0.0 50.0 0.0 50.0 0.0 2500.0 0.0 2500.0 
1 0.0 59.4 0.0 59.4 0.0 3528.4 0.0 3528.4 
1 0.0 67.2 0.0 67.2 0.0 4515.8 0.0 4515.8 
1 0.0 73.4 0.0 73.4 0.0 5387.6 0.0 5387.6 
1 0.0 82.6 0.0 82.6 0.0 6822.8 0.0 6822.8 
1 0.0 85.9 0.0 85.9 0.0 7378.8 0.0 7378.8 
1 0.0 88.6 0.0 88.6 0.0 7850.0 0.0 7850.0 
1 0.0 97.2 0.0 97.2 0.0 9447.8 0.0 9447.8 
1 0.0 98.6 0.0 98.6 0.0 9722.0 0.0 9722.0 
1 0.0 0.0 83.6 83.6 0.0 0.0 6989.0 6989.0 
1 0.0 0.0 91.8 91.8 0.0 0.0 8427.2 8427.2 
1 0.0 0.0 98.0 98.0 0.0 0.0 9604.0 9604.0 
1 0.0 0.0 99.5 99.5 0.0 0.0 9900.3 9900.3 
X^, Xg, X^ are the intercept, levels of inbreeding for the self-
ing, full-sib, and full-sib-self series, respectively. 
X and X are the levels of inbreeding over all three series and 
squares of the inbreeding levels over all three series. 
X^, Xg are the squares of the inbreeding levels for the selfing. 
full-sib, and full-sib-self series, respectively. 
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the selfing, full-sib, and full-sib-self series, respectively; 
and ggg, 0QPS' smd are the quadratic coefficients for 
the selfing, full-sib, and full-sib-self series, respectively. 
Since the three series started from a common population this 
method allows one to make a more meaningful comparison among 
the three methods of inbreeding. A regression analysis also 
was conducted using 22 levels of homozygosity including the 
one at 12.5^ (HS^). This should provide an excellent predic­
tion line of the effects of inbreeding in BSSS. 
A similar X matrix was made for the sixth cycle popula­
tion, BSSS(R)C6 (Table 8). The regression lines of the selfing 
and full-sib series also were forced through a common origin. 
In this case only the linear was fitted because only three 
points per series were available. 
Duncan's multiple range test 
This test proved satisfactory to compare combined entry 
means from the different methods of inbreeding at comparable 
levels of homozygosity. The same test was used to compare 
means at the same level of inbreeding from the original BSSS 
population and the BSSS(R)C6 population after six cycles of 
recurrent selection for yield improvement. 
Phenotypic correlations 
A simple phenotypic correlation was calculated between 
each pair of traits as inbreeding progressed. The formula 
for calculating the phenotypic correlation was: 
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Table 8. The X matrix for a linear regression analysis using 
a common origin in BSSS(R)C6 
V 
Regression coefficient 
V 2 X ^  x" 
1 0.0 0.0 0.0 
1 25.0 0.0 25.0 
1 37.5 0.0 37.5 
1 0.0 50.0 50.0 
1 0.0 75.0 75.0 
^Xq, X^^, and Xg are the intercept and the levels of in­
breeding for the full-sib and selfing series, respectively. 
^X is the levels of inbreeding over both the full-sib 
and selfing series. 
x 
where m^ is the entry mean square for trait X, m^* is the entry 
mean square for trait Y, and m^m^' is the entry mean product 
for the two traits, X and Y. This calculation was conducted on 
the computer using the Statistical Analysis System (SAS). The 
calculation of these correlation coefficients as homozygosity 
was reached, permitted the comparison of the relationship of 
two traits as inbreeding increased. 
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RESULTS AND DISCUSSION 
Weather conditions were generally favorable at all loca­
tions in 1974. The early frost of September 22 reduced the 
yield at both Ames locations and an earlier frost at Kanawha 
reduced the yield even more at this location. All location 
yield levels were reduced from moisture stress but Ankeny and 
Martinsburg experienced the most serious effects from moisture 
stress in 1975- Lodging was not a problem in any of the loca­
tions. There was a limited number of dropped ears due to 
second-brood European com borer (Ostrinia nubilalis Hubner) 
damage at Martinsburg in both years, but all dropped ears were 
retrieved and included in the yield estimates. In both years 
supplemental water was applied at the Ames Hinds Fara by means 
of an overhead sprinkler irrigation system. The Ames Agronomy 
Research Center was the highest yielding environment in both 
years. The other locations varied in ranking between the two 
years. 
Seed Effects 
Since seed for the entries used in this experiment was 
developed over a 13-year period, there was some concern that 
the results would be confounded by seed effects. The least 
inbred materials were generally developed first and the more 
highly inbred materials were developed in the more recent 
years (Table 2). There was a primarily linear decrease in 
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stand as inbreeding increased (R = 81^). This was a good 
indication that the reduced stands were due to inbreeding 
depression and not to when the seed was produced. 
Combined Analyses of Variance 
The combined analyses of variance for each of the 12 
traits measured are included in Tables 9 through 20. The 
genotype-by-environment interaction was significant for 9 of 
the 12 characters studied. The following traits had genotype-
by-environment interactions that were not significant: kernel 
depth, 300-kemel weight, and average barrenness per plant. 
Cob and ear diameter, plant height, and second ears per plant 
had significant genotype-by-environment interactions at the 
% level. Only date of silk, ear height, ear length, yield, 
and stand had a highly significant (P < 0.01) genotype-by-
environment interaction. 
Significant differences in inbreeding depression were de­
tected among the selfing, full-sib, and full-sib-self series 
from the BSSSCO population for six of the traits studied. 
When the selfing and full-sib series from the BSSS(R)C6 
population were compared, seven characters showed significant 
differences in inbreeding depression. Purthermore, inbreeding 
depression seemed to differ between the BSSSCO and BSSS(R)C6 
populations for the traits measured. 
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Table 9. Analysis of variance of date of silk for comparison 
of inbreeding methods in BSSS 
Source of variation d. f. MS F 
Environments (E) 1 6655.10 
Replications/E 8 21.21 
Entries 29 40.70 10.18** 
CO vs. 06^ 1 269.65 172.85** 
Among CO 24 36.54 9.18** 
1 769.85 14.31 
bg vs. vs. bpgg 2 15.85 13.43 
Deviations 21 3.59 1.91 
bq 1 0.02 0.38 
Residual 21 3.77 1.93 
Among C6 k 8.43 1.77 
1 27.38 2.03 
bg vs. bpg 1 0.70 0.15 
Residual 2 2.82 7.42 
E X entries 29 4.00 2.17** 
E X (CO vs. C6) 1 1.56 0.85 
E X (among CO) 24 3.98 2.16** 
E X bi 1 53.79 29.23** 
E X (bgvs. bpg vs. bpgg) 2 1.18 0.64 
E X deviations 21 1.88 1 = 02 
E X bq 1 0.52 0.28 
E X residual 20 1.95 1.06 
E X (among C6) 4 4.75 2.58* 
E X bj^ 1 13.52 7.35** 
E X (bg vs. bpg) 1 4.73 2.57 
E X residual 2 0.38 0.21 
Pooled error 232 1.84 
^CO = BSSSCO and C6 = BSSS(R)C6 in this and all succeed­
ing tables. 
* and •• indicate significance at the 5^ and 1^ levels, 
respectively, in this and all succeeding tables. 
38 
Table 10. Analysis of variance of plant height for comparison 
of inbreeding methods in BSSS 
Source of variation d.f. MS F 
Environments (E) 
Replications/E 
Entries 
CO vs. C6 
Among CO 
bs vs. bpg vs. "bpgg 
Deviations 
Residual 
Among C6 
bg vs. bp3 
Residual 
E X entries 
E X (CO vs. C6) 
E X (among GO) 
E X b^ 
E X (bg vs. bpg vs. bpgg) 
E X deviations 
E X BQ 
E X residual 
E X (among C6) 
E X bL 
E X (bg vs. bpg) 
E X residual 
Pooled error 
3 3189.17 
16 150.67 
29 5814.19 74.64** 
1 10487.06 23.25* 
24 5936.43 84.98** 
1 139985.80 228.25** 
2 523.70 21.42** 
21 68.52 1.42 
1 578.40 10.81* 
20 43.03 0.90 
4 3913.06 119.01** 
1 14689.44 853.54** 
1 683.00 52.13** 
2 139.90 2.76 
87 77.90 1.37* 
3 451.13 7.94** 
72 69.86 1.23 
3 613.30 10.80** 
6 24.45 0.43 
63 48.30 0.85 
3 53.52 0.94 
60 48.04 0.85 
12 32.88 0.58 
3 17.21 0.30 
3 13.10 0.23 
6 50.61 0.89 
464 56.79 
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Table 11. Analysis of variance of ear height for comparison 
of inbreeding methods in BSSS 
Source of variation d.f. MS F 
Environments (E) 3 4344.91 
Replications/E 16 88.03 
Entries 29 2550.97 50.38** 
CO vs. C6 1 1726.69 11.80* 
Among CO 24 2551.93 53.29** 
1 60267.80 108.11** 
bs vs. bp2 vs. bp22 2 68.20 2.95 
Deviations 21 40.10 1.54 
fg 1 14.14 0.53 
Residual 20 . 41.40 1.60 
Among C6 4 2751.26 63.76** 
1 9761.44 484.44** 
bs v-s. bpg 1 783.40 17.51* 
Residual 2 230.10 4.27 
E X entries 87 50.63 1.87** 
E X (CO vs. C6) 3 146.31 5.42** 
E X (among CO) 72 47.89 1.77** 
E X bj^ 3 557.4? 20.65** 
E X (bg vs. bpg vs. bpgg) 6 23.12 0.86 
E X deviations 63 25.98 0.96 
2 X bq 3 26.73 0.99 
E X residual 60 25.94 0.96 
E X (among C6) 12 43.15 1.60 
E X bL 3 20.15 0.75 
E X (bg vs. bpg) 3 44.75 1.66 
E X residual 6 53.84 1.99 
Pooled error 464 27.00 
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Table 12. Analysis of variance of ear length for comparison 
of inbreeding methods in BSSS 
Source of variation d.f. MS F 
Environments (E) 8 88.27 
Replications/E 36 1.81 
Entries 29 100.34 119.74** 
CO vs. C6 1 508.65 138.22** 
Among CO 24 97.56 143.47** 
1 2285.51 869.02** 
bs vs. Bp2 vs. bp22 2 1.29 1.34 
Deviations 21 2.54 4.54** 
1 26.09 41.41** 
Residual 20 1.36 2.43** 
Among C6 4 14.99 14.14** 
1 45.56 36.16** 
bg VS. bp2 1 0.36 0.32 
Residual 2 7.01 7.70* 
E X entries 232 0.84 1.30** 
E X (CO vs. C6) 8 3.68 5.75** 
E X (among CO) 192 0.68 1.06 
E X 8 2.63 4.11** 
E X (bg vs. bp2 vs. ^FSS) 0.96 1.50 
E X deviations 168 0. 56 0.88 
E X bj 8 0.63 0.99 
E X residual 160 0.56 0.88 
E X (among C6) 32 1.06 1.66* 
E X bj^ 8 1.26 1.97* 
E X (bg vs. bpg) 8 1.14 1.78 
E X residual 16 0.91 1.42 
Pooled error 1044 0.64 
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Table I3. Analysis of variance of ear diameter for comparison 
of inbreeding methods in BSSS 
Source of variation d.f. MS F 
Environments (E) 8 0.620 
Replications/E 36 0.028 
Entries 29 3.644 165.64** 
CO vs. G6 1 5.667 138.22** 
Among CO 24 3.680 216.47** 
1 83.129 2131.51** 
bs vs. bpg vs. bpgg 2 0.020 0.83 
Deviations 21 9,245 16.33** 
1 3.393 29.76** 
Residual 20 0.087 8.70** 
Among C6 4 2.925 55.19** 
1 10.890 68.49** 
bs vs. bps 1 0.279 8.45* 
Residual 2 0.265 29.44** 
E X entries 232 0.022 1.26* 
E X (CO vs. C6) 8 0.041 2.32* 
E X (among CO) 192 0.017 0.93 
E X 8 0.039 2.17* 
E X (bg vs. bps vs. ^ FSS^ 0.024 1.33 
E X deviations 168 0.015 0.83 
E X bg 8 0.114 6.33** 
E X residual 160 0.010 0.55 
E X (among C6) 32 0.053 2.92** 
E X bj^ 8 0.159 8.84** 
E X (bg vs. bpg) 8 0.033 1.83 
E X residual 16 0.009 0.49 
Pooled error 1044 0.018 
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Table 14. Analysis of variance of cob diameter for comparison 
of inbreeding methods in BSSS 
Source of variation d.f. MS F 
Environments (E) 8 0.151 
Replications/E 36 0.013 
Entries 29 0.429 33.00** 
CO vs. C6 1 1.293 6.88* 
Among CO 24 0.338 56.33** 
1 7.209 200.25** 
bs vs. bpg vs. bpgg 2 0.063 4.20* 
Deviations 21 0.036 9.00** 
1 0.050 1.19 
Residual 20 0.036 18.00** 
Among C6 4 0.765 69.55** 
1 2.250 54.88** 
1 0.519 259.50** 
Residual 2 0.145 145.40** 
E X entries 232 0.013 1.85** 
E X (CO vs. C6) 8 0.188 26.86** 
E X (among CO) 192 0.006 0.86 
8 0.036 5.14** 
E X (bg vs. bpg vs. bjgg) 16 0.015 2.14** 
E X deviations 168 0.004 0.57 
E X bg 
E X residual 
8 0.042 6.00** 
160 0.002 0.29 
E X (among C6) 32 0.001 1.57* 
E  x b ^  8 0.041 5.86** 
E X (bg vs. bpg) 8 0.002 0.29 
E X residual 16 0.001 0.14 
Pooled error 1044 
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Table 15. Analysis of variance of kernel depth for comparison 
of inbreeding methods in BSSS 
Source of variation d.f. MS F 
Envi ronment s (E) 8 0.683 
Replications/E 36 0.017 
Entries 29 1.738 115.86** 
CO vs. C6 1 0.299 19.93** 
Among CO 24 1.990 132.67** 
1 41.932 2795.47** 
^S ^FS ^FSS 2 0.040 2.67 
Deviations 21 0.274 18.27 
1 1.778 118.53** 
Residual 20 0.199 13.27** 
Among C6 4 0.585 39.00** 
1 2.250 150.00** 
bç, \'s. b^c. 1 0.058 3.87* 
Residual 2 0.016 1.07 
E X entries 232 0.015 1.15 
Pooled error 1044 0.013 
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Table 16. Analysis of variance of yield for comparison of 
inbreeding methods in BSSS 
Source of variation d.f. MS F 
Environments (E) 8 5838.26 
Replications/E 36 144.03 
Entries 29 11794.15 201.92** 
CO vs. C6 1 43929.37 155.71** 
Among CO 24 11157.60 247.62** 
1 265621.93 1067.67** 
bg vs. bjg vs. bpss 2 112.70 6.29** 
Deviations 21 92.15 2.42** 
1 378.86 4.89 
Residual 20 77.81 2.16** 
Among C6 4 7579.61 91.77** 
1 29608.68 284.93** 
bg vs. bpg 1 686.24 5.81* 
Residual 2 11.77 0.22 
E X entries 232 58.41 1.46** 
E X (CO vs. C6) 8 282.12 7.04** 
E X (among GO) 192 45.06 1.12 
E X bj^ 8 248.79 6.21** 
E X (bg vs. bpg vs. ^ FSS) 17.90 0.45 
E X deviations 168 37.94 0.95 
E X bq 8 77.47 1.93 
E X residual 160 35.97 0.90 
E X (among C6) 32 83.60 2.06** 
8 103.92 2.59** 
E X (bg vs. bpg) 8 118.14 2.95** 
E X residual 16 54.17 1.35 
Pooled error 1044 40.07 
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Table 17. Analysis of variance of 300-kemel weight for com­
parison of inbreeding methods in BSSS 
Source of variation d.f. MS F 
Envi ronment s (E) 8 7219.59 
Replications/E 36 51.50 
Entries 29 865.33 33.88** 
CO vs. C6 1 5364.95 17.82** 
Among CO 24 570.79 44.28** 
1 12592.00 441.05** 
bg vs. bpg vs. bpgg 2 219.28 7.69** 
Deviations 21 31.83 2.99** 
Residual 
1 40.46 2.40 
20 31.40 3.04** 
Among C6 4 1507.64 46.33** 
1 5140.85 157.50** 
bg vs. bpg 1 721.15 44.35** 
Residual 2 84.27 2.07 
E X entries 232 25.54 1.07 
E X (CO vs. C6) 8 301.10 12.57** 
E X (among CO) 192 12.89 0.54 
E X bj^ 8 28.55 1.19 
E X (bg vs. bpg vs. 
^FSS^ 16 10.66 0.44 
E X bg 8 16.89 0.71 
E X residual 160 10.34 0.43 
E X (among 06) 32 32.54 1.36 
E xbj^ 8 32.64 1.36 
E X (bg vs. bpg) 8 16.26 0.68 
E X residual 16 40.63 1.70* 
Pooled error 1044 23.95 
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Table 18. Analysis of variance of stand for comparison of 
inbreeding methods in BSSS 
Source of variation d. f. MS F 
Environments (E) 8 1085.19 
Replications/E 36 43.45 
Entries 29 439.71 20.15** 
CO vs. C6 1 1802.90 24.06** 
Among CO 24 558•68 21.98** 
1 11464.75 64.41** 
^FS ^FSS 2 94.80 18.16** 
Deviations 21 83.52 4.15** 
1 2.33 0.11 
Residual 20 87.58 4.38** 
Among C6 4 110.12 4.80** 
1 374.42 17.06** 
bg vs. bpg 1 0.21 0.02 
Residual 2 32.92 1.07 
E X entries 232 26.79 1.62** 
E X (CO vs. C6) 8 74.93 4.52** 
E X (among CO) 192 25.42 1.53** 
E X bj^ 8 178.00 10.74** 
E X (bg vs. bpg vs. ^ FSS ^ 5.22 0.32 
E X deviations 168 20.08 1.21 
2 X tq 8 21.47 1.29 
E X residual 160 20.01 1.21 
E X (among C6) 32 22.93 1.38 
E X bj_ 8 21.95 1.32 
E X (bg vs. bpg) 8 8.4? 0.51 
E X residual 16 30.65 1.85* 
Pooled error 1044 16.58 
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Table 19. Analysis of variance of second ears per plant for 
comparison of inbreeding methods in BSSS 
Source of variation d.f. MS F 
Environments (E) 8 0.5202 
Replications/E 36 0.0107 
Entries 29 0.0799 10.61** 
CO vs. C6 1 2.0405 36.90** 
Among CO 24 0.0102 1.82* 
1 0.0848 6.84* 
bg vs. bpg vs. bpgg 2 0.0060 1.09 
Deviations 21 0.0070 1.32 
1 0.0032 0.50 
Residual 20 0.0072 1.38 
Among C6 4 0.0080 1.03 
1 0.0184 2.24 
bs vs. bpg 1 0.0114 1.02 
Residual 2 0.0011 0.19 
E X entries 232 0.0076 1.23* 
E X (CO vs. C6) 8 0.0553 8.92** 
E X (among CO) 192 0.0056 0.91 
E 8 0.0124 2.00* 
E X (bg vs. bpg vs. bpss) 0.0055 0.88 
E X deviations 168 0.0053 0.86 
E X bq 8 0.0064 1.04 
E X residual 160 0.0052 0.85 
E X (among C6) 32 0.0078 1.25 
E X bi 8 0.0082 1.33 
E X (bg vs. bpg) 8 0.0112 1.80 
E X residual 16 0.0058 0.94 
Pooled error 1044 0.0062 
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Table 20. Analysis of variance of average barrenness per 
plant for comparison of inbreeding methods in BSSS 
Source of variation d.f. MS F 
Environments (E) 8 0.0201 
Replie ati ons/E 36 0.0035 
Entries 29 0.0311 12.44** 
CO vs. C6 1 0.1001 47.67** 
Among CO 24 0.0322 11.93** 
"L 1 0.6303 92.69** 
bg vs. bp2 vs. bpgg 2 0.0093 6.20* 
Deviations 21 0.0059 2.27** 
1 0.0573 143.25" 
Residual 20 0.0034 1.26 
Among C6 4 0.0074 4.11* 
1 0.0282 14.84* 
bs vs. bpg 1 0.0001 0.08 
Residual 2 0.0007 0.35 
E X entries 87 0.0025 0.95 
E X (CO vs. C6) 3 0.0021 0.81 
E X (among CO) 72 0.0027 1.02 
E X bj_ 3 0.0068 2.62* 
E X (bg vs. byg vs. bpgg) 6 0.0015 0.57 
E X deviations 63 0.0026 1.00 
2 X bq 3 0.0004 0.16 
E X residual 6o 0.0027 1.02 
E X (among C6) 12 0.0018 0.68 
E X bj^ 3 0.0019 0.72 
E X (bg vs. bpg) 3 0.0013 0.50 
E X residual 6 0.0020 0.76 
Pooled error 464 0.0026 
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There was a highly significant (P s 0,01) difference 
among the selfing, full-sib, and full-sib-self series for 
plant height (Table 10), yield (Table l6), 300-kernel weight 
(Table 17), and stand (Table 18) in the BSSSCO population. 
There was a difference at the 55^ level for average barrenness 
per plant (Table 20) and cob diameter (Table 14). Date of 
silk (Table 9)» ear height (Table 11), ear length (Table 12), 
ear diameter (Table 13), kernel depth (Table 15)> and second 
ears per plant (Table 19) did not show significant differences 
among the three series. The size of these differences will 
be considered when the predicted regression lines are 
examined. 
In the BSSS(R)C6 population, there was a highly signifi­
cant difference between the selfing and full-sib series for 
plant height (Table 10), cob diameter (Table 14), and 300-
kernel weight (Table 1?). Significance at the 5fo level was 
detected for ear height (Table 11), ear diameter (Table 13), 
yield (Table 16), and kernel depth (Table 15)* The estimates 
between the two series in the BSSS(R)C6 population were not 
as precise as those from the BSSSCO population because fewer 
lines were included in each generation and fewer generations 
were available for testing. Since only three points were 
available for each series of the BSSS(R)C6 population, it 
was not possible to calculate the quadratic regressions. 
There was a significant difference between the BSSSCO and 
BSSS(R)C6 populations for all traits. The difference was 
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highly significant (P < 0.01) for all traits except plant and 
ear height and cob diameter, which were significant at the 5# 
level (Tables 9-20). The direction and magnitude of these 
differences will be considered in the regression section. 
The coefficients of variation (C.V.) for all 12 traits 
for each environment and the combined analyses are presented 
in Table 21. The C.V.'s were respectable for all traits. 
Second ears per plant and average barrenness per plant showed 
fairly large values, but this was primarily a function of the 
units of measurement. If, for example, second ears had been 
reported as second ears per 10 plants, the C.V. would have been 
reduced considerably. The same is true for average barrenness 
per plant if it had been reported as barrenness per 10 plants. 
Regression Analysis 
The highly significant (P < 0.01) difference among the 
three series from the BSSSCO population for yield is scanewhat 
deceiving (Figure 1). If one takes the prediction lines for 
the three series of the BSSSCO population and calculates the 
predicted mean values for F = 1.0 by use of the linear model, 
the means for the selfing, full-sib, and full-sib-sslf series 
were 23.22, 24.64, and 23.87 q/ha, respectively. On the 
average, therefore, the inbred lines from the full-sib series 
would yield 1.42 q/ha, or 6.1%, more than inbred lines from 
the selfing series and 0.77 q/ha, or 3«2^, more than inbred 
lines developed by the full-sib-self series. Although these 
Table 21, Coefficients of variation for nine environments 
and the combined analysis for 12 traits 
Traits 
Date 
of Plant Ear Ear Ear 
Environment silk height height length diam. 
mit 
Ames, Agronomy 
Research Center 4.94 4,21 6.28 4.34 2.96 
Ames, Hinds Farm 4.64 6.76 4.03 2.05 
Kanawha 4.16 4.46 
Martinsburg 3 • 99 2.51 
iiZi 
Ames, Agronomy 
Research Center 3«58 4.99 7.26 5«82 3«00 
Ames, Hinds Farm 4,44 6.65 5»56 3.07 
Kanawha 5*40 2.92 
Martinsburg 4.28 2.43 
Ankeny 7.06 3.4? 
Combined 
analysis 4.58 4.59 6.80 5-03 3.05 
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Traits 
Cob 
diam. 
Kernel 
depth Yield 
300-
kernel 
weight Stand 
Second 
ears/ 
plant 
Average 
barren­
ness/ 
plant 
2.86 8.08 10.18 7.31 11.53 49.64 92.17 
2.49 5.98 10.55 6.38 11.10 53.06 75.38 
2.72 7.06 11.31 6.08 13.82 46.60 73.68 
2.52 5.71 9.47 5.66 10.76 53.88 59.27 
3.16 7.80 20.03 6.15 13.95 51.51 
3.15 8.86 14.38 7.48 10.55 63.94 
2.66 7.66 13.85 7.57 8.84 53.69 
2.78 7.55 12.91 6.42 8.46 71.64 
3.22 8.94 24.31 7.10 7.59 84.67 
2.85 7.59 15.10 6 . 7 7  10.72 57.57 74.53 
Figure 1. Predicted yields of the selfing, the full-sib, 
and the full-sib-self series from the BSSSCO 
population relative to the percent homozygosity 
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differences are statistically significant, the differences 
from a practical standpoint would be quite small. However, 
on large acreages of seed production, a considerable number 
of additional quintals could be produced. The breeder would 
have to decide if the additional generations required to 
develop inbred lines by full-sibbing could be justified for a 
6^ gain in yield. 
The theory that full-sib mating might fix less deleteri­
ous recessive alleles in early generations than selfing, thus 
resulting in more vigorous inbreds, seems to hold some promise 
as a genetic explanation. Such a small difference, however, 
may be due to either chance or a function of the many replica­
tions (45) that were available to make the test. While full-
sibbing may fix less deleterious alleles in the early genera­
tions, these alleles may still be in heterozygous condition, 
so that they are not exposed until later generations. The 
breeder must decide whether he wishes to fix the deleterious 
genes in early generations and eliminate plants containing 
them, or carry the deleterious genes in a heterozygous state 
and select the best lines as they approach homozygosity. Later 
I will discuss another factor which seems to be affecting the 
mean performance, i.e., the distribution of lines that make up 
each generation. The linear model explained a major propor-
tion of the variation for yield (R = 99.0?^). Therefore, as 
the level of homozygosity increased there was a linear decrease 
in yield. 
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Several other traits also showed highly significant (P s 
0.01) differences among the three inbreeding series from the 
BSSSCO population (Table 22). Plant height was one of the 
characters that had the greatest inbreeding depression with 
the full-sib-self series and the least inbreeding depression 
with the selfing series. One would expect, therefore, that 
the lines developed from selfing to be on the average taller 
than those developed by the full-sib and the full-sib-self 
series, and those developed by the full-sib-self series to be 
the shortest. There was also a highly significant (P < 0.01) 
difference for 300-kemel wei^it. The full-sib series had 
heavier kernels than for the other two series. In this ex­
periment the full-sib-self series tended to have higher stands 
followed by the selfing and lastly the full-sib series. There 
was a significant difference among series for average barren­
ness,- but this does not seem to be associated with the stand 
level because the full-sib-self series showed a higher stand 
but tended also to have less barrenness. The cob diameter 
varied significantly among series with the full-sib having 
the largest cobs and the full-sib-self having the smallest 
cobs. Ear length, ear diameter, kernel depth, and average 
barrenness per plant had significant quadratic effects at 
the 1^ level and plant height at the 5^ level for the selfing 
series; ear length, ear diameter, kernel depth, and average 
barrenness had significant quadratic effects at the 1% level 
for the full-sib series; and ear diameter and kernel depth had 
Table 22, Estimates of regression coefficients for a selfing (S), a full-sib (FS), 
and a full-sib-self (FîîS) series from a linear model with a common 
origin in BSSSCO 
Regression coefficients 
Trait b^ bg bp,g b^gg 
Date of silk 27.1 ± 0.22 5.35 ± 0.30 4.22 ± 0.32 4.59 ± 0.30 
Plant height 197.0 ± 0.72 -49.04 ± 0.97 -52.68 ± 1.04 -53.81 ± 0.97 
Ear height 98.8 ± 0.70 -33.42 0.95 -35.07 ± 1.01 -34.16 0.94 
Ear length 18.49 ± 0.09 -4.25 db 0.13 —4.18 ± 0.14 -4.34 ± 0.13 
Ear diameter 4.93 0.02 -0.87 db 0.02 -0.85 ± 0.02 -0.87 0.02 
Gob diameter 3.02 ± 0.01 -0.24 ± 0.02 -0.22 0.02 -0.26 0.02 
Kernel depth 1.96 ± 0.01 -0.68 d: 0.02 -0.66 db 0.02 -0.68 ± 0.02 
Yield 69.75 ± 0.41 -46.53 ± 0.56 -45.11 ± 0.59 
00 CO 1 0.55 
300-kemel 
weight 77.77 0.52 -10.40 il 0.70 -8.72 ± 0.75 -10.53 ± 0.30 
Stand 43.98 ± 0.22 -9.94 db 0.30 -10.22 ± 0.32 -8.83 0.30 
Second ears/ 
plant 0.089 0.007 0.033 ± 0.01 0.035 ± 0.01 0.024 ± 0.01 
Average barren­
ness/plant 0.001 0.006 0.121 ± 0.008 0.107 ± 0.008 0.100 ± 0.008 
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significant quadratic effects at the 1^ level and ear length 
at the Si» level for the full-sib-self series (Table 23). Fit­
ting the quadratic model reduced the linear regression coeffi­
cient from a significant to a nonsignificant value for date of 
silk and second ears per plant for the selfing series and 
ear diameter and second ears per plant in the full-sib series. 
Date of silk, ear length, ear and cob diameter, stand, second 
ears per plant, and average barrenness per plant for the full-
sib-self series had significant linear regression coefficients 
reduced to nonsignificance when a quadratic model was fitted 
(Tables 22 and 23). 
Another regression was calculated by use of 22 levels of 
homozygosity. This regression has the advantage over the 
three series because data were available for 12.5# homozygosity. 
The linear regressions were significant for all 12 traits 
(Table 24): The linear prediction line for yield of Y = 
70.26 - 0.4628X accounted for 99.1# of the variation. How­
ever, the quadratic also was significant accounting for 0.5# 
more of the variation. The linear plus quadratic equation was 
9 = 68.78 - 0.3779X - 0.00076x2, This slight quadratic trend 
indicated there may be an arching upward at intermediate 
levels of homozygosity and a dipping down at the lower and 
higher levels (Figure 2). For all practical purposes, however, 
the inbreeding depression of yield is linear with increased 
homozygosity. The estimated quadratic coefficient for the 22 
levels of homozygosity also was significant for ear length. 
Table 23. Estimates of regression coefficients for a selfing 
(S), a full-sib (PS), and a full-sib-self (FSS) 
series from a quadratic model with a common origin 
in BSSSCO 
Regression coefficients 
Trait bp bg bp3 
Date of silk 27.1 ± 0
 
v
i cd
 
4.41 ± 2.70 
00 
± 2.32 
Plant height 194.4 ± 1.81 -30.69 ± 8.43 -41.04 ± 7.22 
Ear height 98.8 ± 1.46 -26.27 ± 6.80 -36.97 ± 5.82 
Ear length 17.98 ± 0.13 -1.48 ± 0.58 -1.70 ± 0.50 
Ear diameter 4.77 ± 0.02 -0.32 ± 0.09 0.003 ± 0 « 08 
Cob diameter 3.00 ± 0.02 -0.31 ± 0.07 -0.14 ± 0.06 
Kernel depth 1.89 ± 0.02 -0.36 ± 0.08 -0.35 ± 0.07 
Yield 68.46 ± 1.04 -44.42 ± 4.86 -37.22 ± 4.17 
300-kemel 
weight 77.62 ± 0.40 -11.16 ± 3.22 -7.21 ± 2.76 
Stand 44.00 ± 0.71 -8.11 ± 3.30 -11.59 ± 2.82 
Second ears/ 
plant 0.108 ± 0.012 0.029 0.056 -0.033 0.05 
Average barren­
ness/plant 0.04 x 0.01 -0.10 ± 0.048 
co 0
 
0
 1 ± 0.04 
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Regression coefficients 
^FSS ^QS ^QFS ^QFSS 
1.66 ± 5.48 1.08 ± 2.61 -0.70 ± 2.11 3.15 ± 5.70 
-38.72 + 17.10 -17.03 8.13 -10.02 ± 6.59 -13.06 ± 17.79 
-43.28 ± 13.79 -7.93 ± 6.56 2.30 ± 5.31 9.69 ± 14.34 
-1.14 ± 1.18 -2.44 ± 0.56 -2.21 ± 0.46 -2.83 ± 1.23 
0.27 ± 0.19 -0.41 ± 0.09 -0.79 ± 0.07 -1.03 ± 0.20 
-0.08 ± 0.15 0.09 ± 0.07 -0.08 ± 0.06 -0.18 ± 0.15 
0.44 ± 0.16 -0.27 ± 0.07 -0.27 ± 0.06 -1.12 ± 0.16 
-38.12 ± 9.87 -0.70 ± 4.69 -7.55 ± 3.80 -6.77 ± 10.27 
o
\ H
 
00 1—1 1 ± 6.53 1.03 ± 3.10 -1.60 ± 2.51 8.31 ± 6.79 
11.25 ± 6.69 -2.05 ± 3.18 1.63 ± 2.58 -21.37 ± 6.95 
0.011 0.110 -0.009 ± 0.053 0.067 ± 0.04 0.003 ± 0.117 
-
H o 
0
 1 0.097 0.195 ± 0.046 0.172 0.036 0.119 0.100 
Table 24. Estimates of regression coefficients from a linear and a quadratic model for 22 levels 
of homozygosity from BSSSCO 
Trait 
Regression coefficients 
Linear model Quadratic model 
Date of silk 26 .6  ± 0.36 5.. 19 ± 0.46 26.9 ± 0.49 3.53 ± 1.99 1.49 ± 1.73 
Plant height 194.8 ± 1.13 -49.42 ± 1.44 192.8 ± 1.54 -37.82 d: 6.20 -10.42 d: 5.41 
Ear height 96.8 ± 0.91 -32.10 ± 1.16 96.9 d: 1.25 -32.77 d: 5.00 0.60 d: 4.36 
Ear length 18.41 ± 0.08 -4.16 ± 0.10 17.96 d: 0.11 -1.55 d: 0.43 -2.34 ± 0.37 
Ear diameter 4.93 d: 0.01 -0.86 ± 0.02 4.79 ± 0.02 -0.11 d: 0.07 -0.67 ± 0.06 
Cob diameter 3.03 d: 0.01 -0.25 ± 0.01 3.01 d: 0.01 -0.18 d: 0.05 -0.06 d: 0.05 
Kernel depth 1.94 ± 0.01 -0.66 0.01 1.86 ± 0.01 -0.21 ± 0.06 -0.40 d: 0.05 
Yield 70.26 ± 0.65 -46.28 ± 0.83 68.78 ± 0.89 -37.79 d: 3.58 -7.60 d: 3.12 
300-kernel 
weight 78.11 0.43 -10.06 ± 0.55 77.24 ± 0.59 -5.05 ± 2.37 -4.50 ± 2.07 
Stand 43.95 ± 0.44 -9.74 ± 0.56 44.09 d: 0.60 -10.52 ± 2.42 0.71 d: 2.12 
Second ears/ 
plant 0.104 0.007 0.024 ± 0.009 0.111 ± 0.01 -0.017 ± 0.041 0.037 d: 0.035 
Average barren­
ness/plant 0.006 0.006 0.105 d: 0.008 0.036 ± 0.009 -0.068 ± 0.035 0.155 ± 0.030 
On 
Figure 2. Predicted yields for both a linear and a quadratic 
model relative to 22 levels of homozygosity from 
the BSSSCO population 
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ear diameter, kernel depth, and average barrenness per plant 
at the 1^ level, and for 300-kemel weight and yield at the 
5^ level (Table 24). 
In the BSSS(R)C6 population there were highly significant 
(P s 0.01) linear effects for all traits except average 
barrenness per plant, date of silk, and second ears per plant 
(Tables 9-20). Average barrenness per plant was significant at 
the 5^ level. Date of silk did not show a significant linear 
trend because there was a large genotype linear-by-environment 
effect, which agrees with the estimates obtained in the BSSSCO 
population. Ear length, ear diameter, and cob diameter all 
exhibited significant (P < 0.01) residual effects, which indi­
cates that the best prediction model may involve more than 
just linear effects. 
There were significant differences between the selfing 
and full-sib series for seven of the 12 characters measured 
in the BSSS(R)C6 population (Tables 9-20). Plant height, cob 
diameter, and 300-kemel weight were highly significantly 
(P < 0.01) different between the two series. Ear height, ear 
diameter, kernel depth, and yield were significantly differ­
ent between the two series at tne 5^ level. The full-sib 
series showed the greater inbreeding depression for all traits 
where there was a difference between the two series (Table 25). 
Figure 3 shows the linear prediction lines for the selfing and 
full-sib series in the BSSS(R)C6 population for yield. The 
full-sib series seemed to show a greater inbreeding depression 
Table 25. Estimates of regression coefficients for a selfing (S), a full-sib (FS), and the series 
combined from a linear model with a common origin in BSSS(R)C6 
Regression coefficients 
Individual series Series combined 
Trait bp bg bpg bp 
Date of silk 26.3 ± 0.64 3.04 ± 1.25 3.79 ± 2.49 26.5 ± 0.94 2.96 2.08 
Plant height 194.3 ± 0.75 -50.15 ± 1.47 -66.89 db 2.93 191.6 db 0.75 -48.48 ± 1.66 
Ear height 98.0 ± 1.39 -41.31 ± 2.71 -59.24 ± 5.42 95.1 ± 0.81 -39.52 ± 1.80 
Ear length 17.99 ± 0.15 -1.77 ± 0.29 -1.52 ± 0.58 18.04 ± 0.13 -1.80 ± 0.30 
Ear diameter 4.87 ± 0.03 -0.90 ± 0.05 -1.13 ± 0.10 4.83 0.05 -0.88 ± 0.11 
Cob diameter 3.18 ± 0.01 -0.43 ± 0.01 -0.74 0.02 3.13 ± 0.02 -0.40 ± 0.05 
Kernel depth 1.71 ± 0.02 -0.41 ± 0.03 -0.51 ± 0.07 1.69 ± 0.01 -0.40 ± 0.03 
Yield 73.70 ± 1.51 -47.02 ± 2.94 -58.20 ± 5.87 71.88 ± 1.23 -45.89 ± 2.72 
300-kernel 
weight «5.79 ± 0.56 -20.27 ± 1.09 -31.73 ± 2.18 83.93 ± 0.69 -19.12 ± 1.52 
Stand 42.59 ± 0.40 -5.18 ± 0.79 -3.57 ± 1.57 42.56 0.56 -5.16 ± 1.25 
Second ears/ 
plant 0.245 ± 0.015 -0.041 ± 0.03 -0.086 ± 0.057 0.238 ± 0.01 -0.036 ± 0.02 
Average barren­
ness/plant 0.015 db 0.008 0.067± 0.01 0.064 ± 0.029 0.015 ± 0.008 0.067 ± 0.02 
Figure 3. Predicted yields of the selfing and the full-sib 
series from the BSSS(R)C6 population relative to 
the percent homozygosity 
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for yield than the selfing series. Such a difference was not 
expected. Since only 105 lines were used to develop the full-
sib series and 73 lines to develop the selfing series from 
the BSSS(R)C6 population, the difference may be simply one of 
sampling. 
There was a significant difference in inbreeding depres­
sion between the BSSSCO and the BSSS(R)C6 populations for all 
traits, except plant height, ear diameter, and yield, when the 
linear regression coefficients combined over inbreeding series 
were compared with a t-test. There was a greater inbreeding 
depression in the BSSSCO population for date of silk, ear 
length, kernel depth, stand, and average barrenness per plant. 
However, ear height, cob diameter, 300-kemel weight, and 
second ears per plant showed greater inbreeding depression 
in the BSSS(R)C6 population. In the BSSSCO population, second 
ears increased as homozygosity increased- but in the BSSS(R)C6 
population second ears declined as homozygosity increased 
(Tables 24 and 25). 
When the linear regression coefficients of the selfing 
series from the BSSSCO and the BSSS(R)C6 populations were com­
pared with a t-test, the results were the same as when the 
combined over inbreeding series were compared above. When 
the linear regression coefficients of the full-sib series from 
the BSSSCO and the BSSS(R)C6 populations were compared, ear 
length, kernel depth, and stand showed a greater inbreeding 
depression in the BSSSCO population. Plant and ear height. 
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ear and cob diameter, yield, and 300-kernel weight showed a 
greater inbreeding depression in the BSSS(R)C6 population 
(Tables 22 and 25). 
The regression values for yield are given in Table 26 for 
the three inbreeding series for each individual location. 
Sentz et al. (1954) indicated that regression lines tend to 
change over environments and that the best estimates are those 
combined over locations, but more importantly over years. My 
data show that at seven of the nine locations the selfing 
series had the largest linear regression values for yield, 
while the full-sib series had the smallest values at seven 
locations. The full-sib-self series had the smallest amount 
of inbreeding depression in two locations. The full-sib and 
full-sib-self series each had the largest regression values at 
one location. Not only did the regression values among series 
change rank among environments, but there was a significant 
difference in the size of the regression coefficients for a 
particular series among environments. Only two of the nine 
environments showed a significant difference in inbreeding 
depression among the three series from BSSSCO for yield (Table 
2/). The selfing series had the largest regression coeffi­
cients in both cases, but in one the full-sib series had the 
lowest and in the other the full-sib-self series had the low­
est (Table 26). When one compares the difference in inbreed­
ing depression for yield between the selfing and full-sib 
series from the BSSS(R)C6 population for each location, there 
Table 26, Estimates of regression coefficients from each 
environment for yield for a selfing (S), a full 
sib (FS), and a full-sib-self (FSS) series from 
a linear model with a common origin in BSSSCO 
and for the series combined 
Individual series 
Environment 
'0 "s 
ml 
Ames, Agronomy Research Center 74.39 ± 1.35 -46.95 ± 1.83 
Ames, Hinds Farm 69.14 ± 1.35 -41.83 ± 1.83 
Kanawha 63.69 d: 1.24 -43.67 ± 1.68 
Martinsburg 68.26 ± 1.13 -45.14 ± 1.53 
197Ï 
Ames, Agronomy Research Center 84.44 ± 3.14 -52.03 ± 4.27 
Ames, Hinds Farm 66.64 ± 1.68 -43.68 ± 2.27 
Kanawha 
0
 
00 
d: 1.85 -56.45 ± 2.51 
Martinsburg 60.30 ± 1.26 -46.6? ± 1.70 
Ankeny 60.51 2.52 -42.37 3.42 
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Regression coefficients 
Individual series Series combined 
^FS ^FSS ^0 
-45.15 ± 1.95 -46.59 ± 1.82 74.75 ± 1.32 -46.55 ± 1.66 
-40.97 ± 1.95 -41.47 ± 1.82 69.30 ± 1.32 -41.56 ± 1.66 
-43.04 ± 1.78 42.75 X 1.67 63.69 ± 1.21 -43.17 1.52 
0
 
0
 
1 ± 1.63 -44.57 ± 1.52 68.70 ± 1.10 -44.60 ± 1.39 
-50.54 :b 4.52 -54.46 ± 4.24 85.25 ± 3.06 -52.93 ± 2.86 
-41.90 ± 2.41 -42.61 ± 2.26 66.92 ± 1.63 -42.97 d: 2.06 
-54.64 ± 2.49 -54.64 ± 2.49 80.89 ± 1.80 -55.29 ± 2.27 
-44.55 àz 1.80 -43.79 ± l.yO 60.34 ± 1.22 -45.09 i 1.55 
-43.04 ± 3.63 -42.19 ± 3.40 60.30 ± 2.46 -42.37 ± 3.10 
Table 27. Comparison of linear regression coefficients for yield from the three inbreeding series 
for individual environments 
BSSSCO 
H 'FS 
vs. b 
FSS 
Environment mean squares 
1974 1975 
Source of /\raes, Ames, 
variation d.f. /Vgron. Hinds 
44.82 9.25 
Martins-
Kanawha burg 
Ames, 
Agron. 
Ames, 
Hinds. Kanawha 
Martins-
burg Ankeny 
9.23 61.46* 161.21 39.43 84.45 92.61** 9.39 
BSSS(R)C6 
••s ''fs 
Error 
1 53.68 262.25* 2.67 98.05* 277.32 321.13** 488.34** 2.33 125.68 
116 21.58 21.58 18.07 15.11 116.75 33.19 40.40 18.66 75.31 
tv) 
Table 27. Comparison of linear regression coefficients for yield from the three inbreeding series 
for individual environments 
Source of 
variation 
BSSSCO 
••S ''FS 
vs. b 
FSS 
Environment mean squares 
1974 1975 
d.f. 
Ames, Ames, 
/\gron. Hinds 
44.82 9.25 
Martins- Ames, Ames, 
Kanawha burg Agron. Hinds. 
Martins-
Kanawha burg Ankeny 
9.23 61.46* 161.21 39.43 84.45 92.61** 9.39 
BSSS(R)C6 
•"S •'FS 
Error 
1 53.68 262.25* 2.67 98.05* 277.32 321.13** 488.34** 2.33 125.68 
116 21.58 21.58 18.07 15.11 116.75 33.19 40.40 18.66 75.31 
-n3 
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was a significant difference in four of the nine locations 
(Table 27). In all cases in which there was significance, 
the full-sib series showed a greater inbreeding depression 
(Table 28). 
As shown before for the estimates from the combined data 
over all nine environments, the selfing series showed the most 
inbreeding depression and the full-sib series showed the least 
in the BSSSCO population. Conversely, in the BSSS(R)C6 popula­
tion the full-sib series showed the greater inbreeding depres­
sion for estimates from data combined over the nine environ­
ments. Therefore, because of the variation among environments 
the combined analysis is the best estimate of inbreeding 
depression. 
Comparison of Means 
By use of the Duncan's Multiple Range Test, the single 
and double-cross hybrid means were not significantly different 
from the BSSSCO population nor from each other for yield. 
This is a good indication that the 24? lines from the selfing 
series used in this study were an adequate sample of the 
BSSSCO population. The BSSSCO population differed from the 
random single-cross and double-cross hybrids for ear length 
and kernel depth. The BSSSCO population was less than one 
centimeter shorter in ear length than the single-cross and 
double-cross hybrids and had 0.1 cm greater kernel depth. 
Table 29 shows the comparison of combined entry means with 
Table 28. Estimates of regression coefficients from each environment for yield for a selfing (S) 
and a full-sib (FS) series from a linear model with a common origin in BSSS(R)C6 and for 
the series combined 
Regression coefficients 
Individual series Series combined 
Environment % CO % 
1974 
Ames, Agronomy 
Research Center 74.39 ± 1.93 -47 .07 ± 3 .76 -56 .45 ± 7.53 72 .86 ± 1 .68 -46 .13 ± 3.72 
Ames, Hinds Farm 74.43 ± 1.93 -43 .73 ± 3 .76 -64 .69 7.53 71 .08 ± 1 .68 -41 .67 ± 3.72 
Kanawha 66.90 ± 1.77 -45 .55 ± 3 .44 -43 .45 6.89 67 .20 ± 1 .53 -45 .76 ± 3.40 
Martinsburg 68.13 ± 1.62 -40 .40 ± 3 .15 -53 .09 ± 6.30 66 .08 ± 1 .40 -39 .14 ± 3.11 
1975 
Ames, Agronomy 
Research Center 99.70 ± 4.50 -61 .92 ± 8 .75 -83 .25 ± 17.51 96 .23 ± 3 .90 -59 .79 ± 8.65 
Ames, Hinds Farm 73.62 ± 2.40 -52 .91 ± 4 .67 -75 .87 ± 9.34 69 .87 ± 2 .08 -50 .62 ± 4.51 
Kanawha 82.29 ± 2.65 -57 .05 ± 5 .15 -85 .35 ± 10.30 77 .70 ± 2 .29 -54 .22 ± 5.09 
Martinsburg 61.56 ± 1.80 -33 .32 ± 3 .50 -35 .28 ± 7.00 61 .24 ± 1 .56 -33 .13 db 3.46 
Ankeny 62.25 ± 3.61 -41 .20 ± 7 .03 -26 .84 ± 14.06 64 .59 ± 3 .13 -42 .64 ± 6.94 
Table 29. Comparisons^ between entry means with comparable 
levels of homozygosity 
Genera­
tion 
fo 
homo zy­
gosity 
Date of 
silkt 
Plant 
height 
(cm) 
Ear 
height 
(cm) 
Ear 
length 
(cm) 
Ear 
diam. 
(cm) 
BSSSCO 0.0 26.7a 194.1a 98.9a 18.0a 4.8a 
Random single 
26.2a crosses 0.0 192.1a 95.7a 18.5b 2.8a 
Random double 
crosses 0.0 26.9a 195.4a 97.9a 18.4b 4.8a 
Si 50.0 30.4a 175.5a 84.1a 16.6a 4.5a 
PS3 50.0 30.6a 170.2a 81.4a 16.4a 4.6b 
73.4 29.6a 159.3a 73.5a 15.7a 4.4b 
83 75.0 30.3a 162.Oa 73.9a 15.5a 4.3a 
FSg 82.6 30.6a 153.6a 69.3a 15.2a 4.3a 
FS^-S]_ 83.6 30.5a 152.8a 69.4a 15.0a 4.3a 
^3 87.5 31.0a 152.4a 69.6a 15.0b 
4.2b 
FS^ 85.9 30.1a 150.2a 66.8a 15.1b 4.2b 
^10 88.6 30.7a 148.4a 67.6a 14.5a 4.1a 
93.8 32.1a 150.5a 67.5a 14.3a 4.1a 
PS^-Sg 91.8 31.7a 147.9a 67.1a 14.6a 4.1a 
S6 98.4 32.3a 148.1a 65.7a 14.3a 4.1b 
PSj-S^ 98.0 31.1a 144.2a 65.7a 14.4a 4.1b 
FS1O-S2 97.2 31.5a 146.la 63.6a 14.la 4.0a 
S8 99.6 33.5a 147.9a 64.3a 14.0a 4.0a 
FS3-S6 99.5 32.2a 142.6a 65.3a 13.8a 4.0a 
F810-S3 98.6 31.6a 144.8a 67.0a 14.2a 4.0a 
Comparisons are among the two or three means grouped 
together only. 
^Days after July 1. 
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Cob 
diam. 
(cm) 
Kernel 
depth 
(cm) 
Yield 
(q/ha) 
300-
kernel 
wt. (g) Stand 
Second 
ears/ 
plant 
Average 
barrenness 
/plant 
3.0a 1.9b 68.05a 77.3a 44.3b 0.0998a 0.0368a 
3.0a 1.8a 69.55a 78.7a 41.9a 0.1180a 0.0056a 
3.0a 1.8a 66.80a 77.0a 44.5b 0.0830a 0.0118a 
2.9a 1.6a 45.25a 71.3a 39.1a 0.1173a 0.0399a 
2.9a 1.6a 45.93a 72.7a 38.2a 0.0843a 0.0365a 
2.9b 1.5a 37.74a 70.9a 38.7a 0.1277a 0.0590a 
2.8a 1.5a 35.12a 70.3a 37.7a 0.1282a 0.0746a 
2.8a 1.4a 33.83a 69.8a 35.8a 0.1197a 0.0789a 
2.8a 1.5b 31.89a 68.4a 38.3b 0.1203a 0.0816a 
2.8a 1.4b 30.31b 69.2a 35.3a 0.1282a 0.0976a 
2.8a 1.4b 31.24b 70.0a 36.9a 0.1293a 0.0195a 
2.8a 1.3a 26.68a 69.8a 35.3a 0.1280a 0.1266a 
2.8a 1.3a 26.20a 69.2a 33.0a 0.1316a 0.i284b 
2.8a 1.3a 27.41a 67.5a 36.6b 0.1170a 0.0798a 
2.8a 1.3a 24.70a 67.5a 33.9a 0.1207a 0.1227a 
2.8a 1.3a 26.08a 68.3a 34.6a 0.1204a 0.1243a 
2.8a 1.3a 24.90a 69.4a 33.3a 0.1526a 0.1181a 
2.8b 1.2a 21.96a 65.9a 35.0a 0.1311a 0.1376b 
2.7a 1.2a 22.85ab 67.5ab 33.8a 0.1230a 0.0893a 
2.8b 1.3b 25.71b 69.6b 33.0a 0.1335a 0.1196ab 
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comparable levels of homozygosity. For 192 paired comparisons, 
only 30 were significantly different at the % level. There 
was no consistent difference for a given trait among the three 
inbreeding series for different comparable levels of homozy­
gosity. The and FS^ differed only 0.1 cm for ear diameter 
with FS^ having a slightly larger ear diameter. The FS^ showed 
less inbreeding depression than the S2 for ear and cob di­
ameter; FSg was 0.1 cm larger for ear and cob diameter. The 
FS^-S^ had a slightly greater kernel depth than the FSg and 
a significantly greater stand. The had longer ears, deeper 
kernels, and yielded more than the FS^g. The FS^-Sg had a 
greater stand than the S^, but had less barrenness than the 
The and FS^-Sj^ had larger ears than the FS^^q-S^. A 
comparison of the inbred lines developed from the three in­
breeding series showed the Sg and FS^q-S^ had larger cobs than 
the FS^-Sx. but the FS, had deeper kernels than either of 
^ O JLV ^ 
the other two. FS^q-S^ had a greater yield and heavier kernels 
than the Sg, but did not differ from the FS^-S^. The Sg had a 
greater amount of barrenness than the FS^-S^. One can compare 
the mean yield at comparable levels of homozygosity among in­
breeding series from the BSSSCO population. Table 30 allows 
one to note the generally small differences over several 
levels of homozygosity. 
The Duncan's Multiple Range Test also was used to compare 
the estimates of inbreeding depression for the BSSSCO and 
BSSS(R)C6 populations after equal generations of inbreeding. 
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Table 30. Mean yield of the three inbreeding series with 
comparable levels of homozygosity 
Level of Yield of inbreeding series (g/ha) 
homozygosity (^) Selfing Pull-sib Full-sib-self 
0 68.05 68.05 68.05 
50 45.25 45.93 45.93 
75 35.12 37.74 
83 - 33.83 31.89 
87 30.31 28.96 
93 26.20 - 27.41 
98 24.70 24.90 26.08 
99 21.96 25.71 22.85 
For yield the original population (Sq), S^, and SG levels of 
the BSSS(R)C6 population all gave significantly greater yields 
than those from the BSSSCO population. The FS^ and FSg were 
slightly lower in the BSSS(R)C6 population than in the 
BSSSCO population although both generations were not signifi­
cantly different (Table 31). There were consistent differ­
ences between the BSSSCO and the BSSS(R)G6 populations for 
kernel depth, and second ears per plant for the generations 
studied. The BSSSCO population had deeper kernels and less 
second ears than the BSSS(R)C6 population. The BSSS(R)C6 
population showed a larger ear diameter than the BSSSCO 
population, but all other generations showed the opposite 
Table 31. Comparisons of entry means between the BSSSCO and 
BSSS(R)C6 populations with the same number of gen­
erations of inbreeding 
Genera­
tion 
Date of 
silkD 
Plant 
height 
(cm) 
Ear 
height 
(cm) 
Ear 
length 
(cm) 
Ear 
diam. 
(cm) 
SQ (BSSSCO) 26.7a 194.1a 98.9a 18.0a 4.8a 
Sq (BSSS(R)C6) 26.8a 195.0a 99.7a 17.8a 4.9b 
(BSSSCO) 28.3a 184.1b 89.0b 17.5a 4.7b 
FS^ (BSSS(R)C6) 26.9a 174.7a 80. la 17.8a 4.5a 
FSg (BSSSCO) 28.8a 176.9a 84.9b 17.0a 4.6b 
FSg (BSSS(R)C6) 28.0a 171.2a 77.8a 17.3a 4.5a 
S^ (BSSSCO) 30.4b 175.5a 84.1b 16.6a 4.5b 
SjL (BSSS(R)C6) 27.4a 170.2a 75.5a 17.5b 4.4a 
Sg (BSSSCO) 30.3a 162.Ob 73.9b 15.5a 4.3b 
Sg (BSSS(R)C6) 28.9a 156.1a 68.4a 16.4b 4.2a 
^Comparisons are among 
only. 
^Days after July 1. 
unu means grouped togs ther 
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Cob 
diam. 
(cm) 
Kernel 
depth 
(cm) 
Yield 
(q/ha) 
300-
kemel 
wt. (g) Stand 
Second 
ears/ 
plant 
Average 
barrenness 
/plant 
3.0a 1.9b 68.05a 77.3a 44.3a 0.0998a 0.0368a 
3.2b 1.7a 73.58b 86.5b 42.8a 0.2451b 0.0145a 
3.0a 1.8b 60.47a 76.5a 41.5a 0.1174a 0.0361a 
3.0b 1.6a 59.70a 76.8a 40.3a 0.2278b 0.0281a 
2.9a 1.7b 53.32a 75.5a 39.6a 0.1265a 0.0352a 
2.9a 1.5a 51.50a 74.6a 41.2a 0.2099b 0.04l6a 
2.9a 1.6b 45.25a 71.3a 39.1a 0.1173a 0.0399a 
2.9a 1.5a 49.97b 74.6b 40.3a 0.2207b 0.0551a 
2.8a 1.5b 35.12a 70.3a 37.7a 0.1282a 0.0746a 
2.9b 1.4a 38.59b 71.3a 38.5a 0.2173b 0.0615a 
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trend. There was no difference in ear height in the original 
populations of both cycles, but the BSSS(R)C6 population showed 
a shorter ear height for the S^, Sg, FS^, and FSg generations. 
Only the 8^ and Sg showed a longer ear length for the BSSS(R)C6 
population over the BSSSCO population (Table 31). The BSSS(R) 
C6 population tended to silk earlier, although not signifi­
cantly. There was not a definite trend for cob diameter and 
300-kernel weight between the two populations. When there was 
a significant difference, e.g., in the Sq and , the BSSS(R)C6 
population had larger cob diameters and in the Sq and the 
BSSS(R)C6 population had heavier kernels than the same genera­
tions from the BSSSCO population. 
The belief that selection for yield for six cycles of 
recurrent selection would result in a lower inbreeding depres­
sion was not substantiated. If a regression line is fitted 
to all the values for the inbreeding series for both the 
BSSSCO and BSSS(R)C6 populations the following equations 
result: = 70.26 - 0.4628X and = 71.88 - 0.4589X. 
When averaging over inbreeding series we find that the 
BSSS(R)C6 population has a slightly higher yield, but the in­
breeding depression is not significantly different than that 
encountered with the BSSSCO population. If, however, we com­
pare the regression lines for each inbreeding series between 
cycles, our conclusions seem to change. The selfing series 
have the following equations* = 69.75 - 0.4653X and 
Yq6 = 73.70 - 0A702X for the BSSSCO and BSSS(R)C6 populations, 
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respectively. The BSSS(R)C6 had a higher yield, but also 
showed a greater, although not significant, inbreeding depres­
sion. The full-sib series of both cycles had regression 
equations as follows* Yqq = 69.75 - 0.4511X and ^ ^5 = 
73.70 - O.582OX for the BSSSCO and BSSS(R)C6 populations, 
respectively. In this case the BSSS(R)C6 showed a higher yield 
and a significantly greater inbreeding depression. This was 
not expected and can only be explained on the basis of 
sampling. 
It seems that during recurrent selection for yield im­
provement, selection was made for favorable dominant alleles. 
Also, the limited number of lines recombined each cycle reduced 
heterozygosity, but the number of deleterious recessive alleles 
neither has not been reduced enough nor has the level of 
heterozygosity to affect the inbreeding depression in the ad­
vanced population. Apparently, we are selecting for only a 
few of the many "yield genes". 
Phenotypic Correlations 
The simple phenotypic correlations between pairs of 
traits by use of the combined means of 22 levels of homozy­
gosity in the BSSSCO population were generally highly sig­
nificant (P < 0.01). The correlation of other traits with 
second ears per plant were often lower. These high correla­
tions seem associated with the largely linear trend of these 
traits with increased homozygosity. The low correlation of 
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all traits with second ears per plant can be attributed to 
only a small proportion of the variation (27^5) being associated 
with linearity for second ears per plant. Date of silk and 
stand were not significantly correlated with second ears per 
plant (Table 32). 
When correlations were calculated for each of the inbreed­
ing series independently, date of silk, 300-kemel weight, and 
stand were not correlated with second ears per plant in the 
full-sib series. Average barrenness was not correlated with 
second ears per plant in the selfing series, and all traits 
showed no significant correlations with second ears in the 
full-sib-self series. All other traits for the three inbreed­
ing series were highly correlated (Tables 33» 3^. and 35)* 
In the BSSS(R)C6 population the correlations between 
pairs of traits were significant in fewer cases than in the 
BSSSCO population (Table 36). This may be because of the 
lower number of values from which the correlations were cal­
culated, and the greater differences between the selfing and 
full-sib series. Yield was correlated with all traits except 
ear length and second ears per plant. Although there were 
numerous nonsignificant correlations the values were often 
not small. The lowest correlation (0.576) was between ear 
length and second ears per plant. Correlations between char­
acters for the selfing and full-sib series were not reported 
because only three points were available for comparison. 
Table 32. Simple phenotypic correlations (r^^^ between pairs of traits 
over 22 levels of homozygosity from BSSSCO 
PH EH EL ED CD 
Date of silk (DS) -0.895** -0.899** -0.934** -0.912** -0.862** 
Plant height (PH) 0.989** 0.983** 0.969** 0.923** 
Ear height (EH) 0.973** 0.957** 0.916** 
Ear length (EL) 0.988** 0.934** 
Ear diameter (ED) 0.919** 
Cob diameter (CD) 
Kernel depth (KD) 
Yield (YD) 
300-kernel weight (TKW) 
Stand (SD) 
Homozygosity (HOMO) 
Second ears/plant (SEPERPT) 
^BPPERPT = average barrenness per plant. 
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KD YD TKW SD HOMO SEPEEœX BPPERPT 
-0.938** 
•0.973** 
0.963** 
0.986** 
0.978** 
0.924** 
-0.935** 
0.988** 
0.986** 
0.991** 
0.977** 
0.937** 
0.979** 
-0.925** 
0.946** 
0.948** 
0.954** 
0.924** 
0.909** 
0.951** 
0.961** 
-0.867** 
0.886** 
0.883** 
0.906** 
0.886** 
0.832** 
0.891** 
0.899** 
0,802** 
0.921** 
-0.991** 
-0.991** 
-0.983** 
-0.967** 
-0.927** 
-0.967** 
-0.995** 
-0.951** 
-0.906** 
0.383 
-0.522* 
-0.558** 
-0.531* 
-0.599** 
-0.461* 
-0.513* 
-0.511* 
-0.419* 
-0.406 
0.518* 
0.832** 
-0.862** 
-0.856** 
-0.905** 
-0.920** 
-0.782** 
-0.894** 
-0.884** 
-0.835** 
-0.828** 
0.868** 
0.578** 
Table 33. Simple phenotypic correlations (r ,) between pairs of traits in 
the selfing series BSSSCO 
PH EH EL ED CD 
Date of silk (DS) -0.932** -0.945** -0.952** -0.962** -0.866* 
Plant height (PH) 0.997** 0.990** 0.990** 0.961** 
Ear height (EH) 0.991** 0.993** 0.969** 
Ear length (EL) 0.998** 0.936** 
Ear diameter (ED) 0.942** 
Cob diameter (CD) 
Kernel depth (KD) 
Yield (YD) 
300-kernel weight (TKW) 
Stand (SD) 
Homozygosity (HOMO) 
Second ears/plant (SEPERPT) 
^PPERPT = average barrenness per plant. 
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KD YD TKW SD HOMO SEPERPT BPPERPT 
-0.982** 
0.979** 
0.984** 
0.992** 
0.996** 
0.919** 
•0.964** 
0,990** 
0.997** 
0.987** 
0.992** 
0.964** 
0.989** 
-0.986** 
0.944** 
0.960** 
-0.950** 
0.964** 
0.902** 
0.976** 
0.973** 
-0.919** 
0.973** 
0.966** 
0.966** 
0.959** 
0.927** 
0.957** 
0.968** 
0.902** 
0.948** 
-0.994** 
-0.998** 
-0.984** 
-0.987** 
-0.973** 
-0.971** 
-0.998** 
-0.962** 
-0.972** 
0.852* 
•0.891** 
-0.907** 
-0.880** 
-0.879** 
-0.943** 
-0.885** 
-0.915** 
-0.858* 
-0.874* 
0.914** 
0.871* 
-0.921** 
-0.910** 
-0.953** 
-0.941** 
-0.811* 
-0.931** 
-0.893** 
-0.849* 
-0.891** 
0.886** 
0.751 
Table 34. Simple phenotypic correlations (r , ) between pairs of traits in 
the full-sib series from BSSSCO ^ 
Trait PH EH EL ED CD 
Date of silk (DS) -0.917** -0.909** -0.918** —0.868** -0.872** 
Plant height (PH) 0.991** 0.988** 0.966** 0.948** 
Ear height (EH) 0.972** 0.945** 0.935** 
Ear length (EL) 0.985** 0.936** 
Ear diameter (ED) 0.919** 
Cob diameter (CD) 
Kernel depth (KD) 
Yield (YD) 
300-kernel weight (TKW) 
Stand (SD) 
Homozygosity (HOMO) 
Second ears/plant 
(SEPERPT) 
^PPERPT = average barrenness per plant. 
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KD YD TKW SD HOMO SEPERPT BPPERPT 
-0.921** 
0.990** 
0.973** 
0.990** 
0.967** 
0.958** 
-0.926** 
0.997** 
0.988** 
0.991** 
0.964** 
0.941** 
0.989** 
-0.901** 
0.980** 
0.971** 
0.964** 
0.916** 
0.931** 
0.976** 
0.978** 
-0.892** 
0.885** 
0.884** 
0.905** 
0.862** 
0.852** 
0.885** 
0.894** 
0.861** 
0.922** 
•0.996** 
-0.994** 
-0.982 
-0.954** 
-0.929** 
-0.979** 
-0.994** 
-0.975** 
-0.902** 
0.465 
-0.632* 
-0.645* 
-0.646* 
-0.735** 
-0.576* 
-0.620* 
-0.614* 
-0.523 
-0.454 
0.624* 
0.752** 
-0.880** 
-0.842** 
-0.924** 
-0.956** 
-0.855** 
-0.908** 
-0.881** 
-0.834** 
-0.783** 
0.851** 
0.686 
Table 35. Simple phenotypic correlations (ip^) between pairs of traits in 
the full-sib-self series from the BSSSCO 
Trait PH EH EL ED CD 
Date of silk (DS) -0.945** -0.940** -0 .938** -0 .907** -0.910** 
Plant height (PH) 0.993** 0 .993** 0 .978** 0.945** 
Ear height (EH) 0 .977** 0 .958** 0.918** 
Ear length (EL) 0 .985** 0.963** 
Ear diameter (ED) 0.944** 
Cob diameter (CD) 
Kernel depth (KD) 
Yield (YD) 
300-kernel weight (TKW) 
Stand (SD) 
Homozygosity (HCMO) 
Second ears/plant 
(SEPERPT) 
^BPPERPT = average barrenness per plant. 
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KD YD TKW SD HOMO SEPERPT BPPERPT 
•0.955** 
0.976** 
0.954** 
0.983** 
0.981** 
0.953** 
-0.952** 
0.998** 
0.992** 
0.993** 
0.973** 
0.946** 
0.974** 
•0.930** 
0.978** 
.962** 
0.979** 
0.954** 
0.938** 
0.957** 
0.979** 
-0.828** 
0.852** 
0.864** 
0.849** 
0.808** 
0.795** 
0.857** 
0.858** 
0.788** 
0.941** 
-0.996** 
-0.999** 
-0.984** 
-0.965** 
-0.925** 
-0.962** 
-0.996** 
-0.967** 
-0.872** 
0.253 
-0.409 
-0.422 
-0.393 
-0.490 
-0.421 
-0.364 
-0.377 
-0.315 
-0.177 
0.405 
0.707* 
-0.875** 
-0.843** 
-0.873** 
-0.884** 
-0.789** 
-0.845** 
-0.852** 
-0.856** 
-0.704* 
0.857** 
0.431 
Table 36. Simple phenotypic correlations between pairs of traits over 
five levels of homozygosity from BSSS(R)C6 
Trait PH EH EL ED CD 
Date of silk (DS) -0.880* 
Plant height (PH) 
Ear height (EH) 
Ear length (EL) 
Ear diameter (ED) 
Cob diameter (CD) 
Kernel depth (KD) 
Yield (YD) 
300-kernel weight (TKW) 
Stand (SD) 
Homozygosity (HCMO) 
Second ears/plant 
(SEPERPT) 
-0.806 
0.985** 
•0.966** 
0.817 
0.713 
•0.822 
0.922** 
0.990** 
0.765 
-0.739 
0.904* 
0.952* 
0.585 
0.902* 
^BPPERPT = average barrenness per plant. 
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KD YD TKW SD HOMO SEPERPT BPPERPT 
•0.936* 
0.968** 
0.946* 
0.866 
0.946* 
0.908* 
-0.916* 
0.985** 
0.968** 
0.851 
0.972** 
0.913* 
0.996** 
•0.814 
0.977** 
0.996** 
0.701 
0.974** 
0.969** 
0.946** 
0.963** 
-0.769 
0.949* 
0.923* 
0.768 
0.965** 
0.762 
0.863 
0.904* 
0.890* 
0.901* 
-0.969** 
-0.942* 
-0.872 
-0.965** 
-0.857 
-0.581** 
•=0.988** 
-0.923* 
-0.922** 
-0.763 
0.827 
0.862 
0.576 
0.791 
0.954* 
0.860 
0.845 
0.905* 
0.620 
-0.757 
0.840 
-0.919* 
-0.917* 
-0.789 
-0.924** 
-0.886* 
—0.964** 
-0.964** 
-0.902* 
-0.840 
0.975** 
-0.777 
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Individual Line Means vs. Averages 
The predicted regression lines indicate that on the 
average one should expect inbred lines from the full-sib 
matings to be slightly greater yielding than inbreds developed 
from selfing. If the distribution of the lines from each 
series were different, the inbreeding series with the higher 
mean may not have the greater frequency of superior lines. 
I was able to make this comparison because Obilana (1972) 
evaluated the 24? Sr, lines and Bartual (1975) evaluated the 
231 FS^q-S^ lines developed from BSSSCO. The studies were 
conducted in separate years, but both had nine inbred line 
checks in common. By use of the mean yield of the nine 
checks, the Sr, lines were adjusted to be on an equivalent 
basis as the FS^q-S^ lines. The SY and FS^q-S^ lines were 
then placed into a large artificial population of 478 lines. 
The top line was found to be from the selfing series; four 
of the top five lines (top 1%) were from the selfing series; 
21 of the top 24 lines (top 5^) were from the selfing series; 
and 36 of the top 48 lines (top lOfo) were from the selfing 
series. These results lead to some interesting speculations. 
Obilana's (1972) and Bartual's (1975) data indicate that 
the mean yield of the 8#^ lines were greater than that of the 
FS10-S3 lines when the Sr, lines were adjusted (25.48 vs. 20.22 
q/ha). The results are not conclusive, but it seems that 
although full-sibbing may give a higher mean yield, when 
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averaging over all the inbred lines developed, selling tends 
to develop more superior yielding inbred lines. The selfing 
series mean must be low because of a high frequency of low 
yielding lines. 
The FS^q-S^ lines, however, were developed by 10 gen­
erations of full-sibbing followed by three generations of 
selfing. Very few of the lines were lost during the 10 
generations of full-sibbing, but Dr. A. R. Hallauer (Depart­
ment of Agronomy, Iowa State University, personal communica­
tion, 1975) noticed that during the selfing generations of 
the PS^o lines, it was difficult in some cases to maintain 
certain lines. This information would indicate that full-sib 
mating allows deleterious alleles to be carried along in a 
heterozygous state, but when selfed these deleterious genes 
are exposed. If this is the case, the inbred lines developed 
entirely by full-sib mating may still have some of these 
deleterious genes in a heterozygous state. Thus, these inbred 
lines may be higher yielding simply because the deleterious 
genes are still in a favorable heterozygous condition. Test-
cross information should reveal the presence of deleterious 
alleles depending on the gene frequency of the tester and 
the type of gene action involved in heterosis. 
It seems that the three generations of selfing after 10 
generations of full-sibbing had a biasing effect on the data. 
Efforts were made to minimize selection during the inbreeding 
process, but there was always a certain amount of selection 
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because three plants were mated in each line each generation, 
and only plants that produced seed were chosen to maintain 
the line. One can only speculate at this stage what would 
have happened if the full-sib lines were mated toward homo­
zygosity by full-sibbing. I ran a regression omitting the 
three selfing generations. The regression line for yield was 
similar to the one found when the three selfing generations 
were included: Y = 69.82 - 0.4505X vs. Y = 69.91 - 0.^530X 
for full-sibbing excluding and including selfing, respectively. 
The predicted yields when F = 1.0 was 24,7? vs. 24.61 q/ha 
for the two models. Thus, it seems that including the self­
ing generations did not on the average reduce the yield of 
the final lines obtained by full-sibbing. 
If heterosis is due to additive effects, inbreds with AA 
genotypes at more loci are preferred, assuming A is the favor­
able allele. The same is true with partial to complete 
dominance except that the presence of Aa types would not be 
as detrimental with partial dominance and would show no dif­
ference from the AA types with complete dominance in hybrid 
2 
combinations. According to the formula, Hp = Sdy , given by 
Falconer (i960), some level of dominance and a difference in 
the gene frequency between the inbreds being crossed is needed 
to have a heterotic effect. The more loci exhibiting this 
dominance phenomenon the higher yielding the hybrid (additive 
effects). Thus, the two inbreds (AAbbcc x aaBBCC) 
would produce the hybrid AaBbCc, which should yield less 
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than a hybrid, AABBCc, produced from the cross of the two 
inbreds, AABBcc x AABBCC, when partial dominance is operating. 
The same comparison would be valid if complete dominance was 
operative, but the AaBbCc hybrid should yield more if over-
dominance was operative. 
Comparisons with Published Results 
My data indicate that on the average one can expect in­
bred lines developed by full-sibbing to be higher yielding 
than inbred lines developed by selfing, and lines developed 
by full-sibbing followed by selfing to be intermediate between 
the selfing and full-sib lines. However, when one examines 
the yield of each SY and each FS^q-S^ line, it seems evident 
that more of the top yielding lines are from the selfing 
rather than the full-sib series. From Obilana's (1972) and 
Bartual's (1975) data there was a slightly greater proportion 
of the lines above the mean of all lines than 
there were Sy lines above the mean of all Sy lines. However, 
there are more Sy lines which lie on the upper extreme of the 
curve. 
The premise that a form of milder inbreeding than selfing 
allows less deleterious alleles to be fixed in early genera­
tions seems to be a valid point when dealing with the average 
of all inbred lines developed. However, when the harsher 
form of inbreeding, selfing, is utilized in early generations, 
more deleterious genes are fixed, but the plants which contain 
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them are selected against either artificially or naturally. 
Hence, with selfing, only the better plants survive and as 
homozygosity is reached more superior lines are realized. 
With full-sibbing, however, deleterious alleles may be 
carried along for generations masked by a favorable gene(s) 
at those loci. These alleles may not show themselves until 
homozygosity is reached. This seems to be the case with the 
full-sib lines. All 2^3 full-sib lines were carried to the 
FSio generation successfully, but 12 were difficult to maintain 
after three generations of selfing due to barrenness. Harvey 
and Rigney (19^7) attributed the low yield of the FS^-S^ 
(F = 0.938) and FS^-S^ (F = O.969) to barrenness in their 
study. They found that the response to selfing and full-
sibbing was the same when selection was employed. They pro­
posed rapid inbreeding in early generations to select out 
deleterious genes, followed by milder inbreeding to allow 
for recombination of favorable alleles and to give the breeder 
more chances to select the superior plants. 
Cornelius and Dudley (1974) were able to show a signifi­
cantly higher (P < 0.05) grain yield for the FS^ than for the 
S^. Their data were not too convincing because the differ­
ence was small, and the data were collected from one location 
with two replications in one year. They gave several reasons 
why they thought there was a difference in the rate of inbreed­
ing depression. They preferred the explanation that there 
was linkage disequilibrium in the original population such 
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that recombination tended to produce more favorable linkage 
groups by full-sibbing. No explanation involved the possi­
bility that one environment was insufficient to test the true 
yield of the lines. They ran a similar study in another year 
at the same location and found no difference in yield between 
the FS^ and lines, but were unable to combine the experi­
ments because all entries were not common in both experiments. 
I was unable to show a significant difference between the FS^ 
and the for yield at a single environment or combined over 
all nine environments. I found that the regression values 
changed in magnitude among environments, and that the regres­
sion values for the different series changed rank as well. 
I would like to propose an inbreeding scheme which from 
my and Harvey and Rigney's (19^7) data indicate would be 
successful. The material I worked with was unselected, but 
in a practical breeding program one would begin in the early 
generations to select the best lines. The following is my 
proposal for inbred development: two generations of selfing, 
followed by three generations of full-sibbing, followed by 
two to four generations of selfing. The early generations of 
selfing allows for rapid fixation and elimination of dele­
terious genes, but Allard (i960, p. 55) shows that very few 
homozygous individuals have been attained at this stage. 
The full-sibbing for the next few generations allows the 
breeder to have more opportunities for selection while there 
is still some variability remaining. At the same time there 
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are more opportunities for new desirable recombinants to form. 
Time also is important to the breeder. To attain homozygosity 
at a faster rate, he selfs several more generations to reach 
a point where each line can be maintained easily and uniformly. 
The last selfing generations may serve another purpose as well. 
If deleterious alleles are still present in the lines as 
heterozygotes, selfing is an effective way to expose them and 
thus they can be selected against. 
One must coordinate his inbreeding scheme with his testing 
program. If one is a firm believer in late testing where 
material is not tested in hybrid combinations until lines are 
nearing homozygosity, the system I propose will work well. For 
early testing the system may be less acceptable. However, 
even for early testing this system has merit. Although one 
has identified the superior lines in early generations, by 
sibbing in intermediate generations one should be able to 
identify even more superior segregants. 
To verify which inbreeding series produced the highest 
yielding lines, the top 20-25 Sy lines from Obilana's (1972) 
data and the same number FS^^q-S^ lines from Bartual's (1975) 
data could be grown in a replicated yield trial. One could 
then cross these same inbred lines onto an inbred (r = 0.0 
or r = 1.0) or single cross tester (r = 0.5), where r is the 
tester gene frequency. One could then find: which inbreeding 
series produced the highest mean testcross yield; which in­
breeding series had the highest correlation between inbred and 
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testcross performance; and over both inbreeding series what 
is the correlation of inbred and testcross yields. 
Harvey and Rigney (19^7) topcrossed 10 S^, 16 FS^-S^, 
20 S^-FS^, and 28 FSg lines onto an open-pollinated variety 
tester, 'Biggs Two-Ear'. The topcross yields were 31.99, 
32.92, 32.80, and 33-07 q/ha, respectively, for the four 
series of lines. The lines in topcross were significantly 
lower in yield than the other three series. This may be due 
to sampling since only 10 lines were tested, but it may be 
possible that less intense inbreeding has been effective in 
maintaining a hi^ yield while at the same time selecting for 
desirable plant types. 
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CONCLUSION 
Alternative methods of inbreeding, besides selfing, seem 
to have potential in developing more productive inbred lines. 
Full-sibbing has potential provided the additional time in­
volved can be justified for the small gains involved. A com­
bination of selfing and full-sibbing has been proposed as a 
viable alternative with only a couple of extra generations 
involved in inbred line development. 
Differences detected among the three inbreeding series 
from the BSSSCO population were generally quite small. Al­
though there was a highly significant (P < 0.01) difference 
among series for yield when one compared the combined means, 
significant differences were detected in only two of the nine 
environments. Combining data from different locations, but 
more importantly years, was a necessity in obtaining valid 
estimates of the quantitative traits for each entry in this 
study. 
The inbreeding depression in the BSSS(R)C6 population was 
greater for seven of the 12 traits with the full-sib series 
than the selfing series. The most logical explanation is 
sampling, since only 105 lines were included in the full-sib 
series. 
Six cycles of recurrent selection for yield in BSSS did 
not reduce the rate of inbreeding depression. Thus there must 
be many more loci affecting yield besides those we selected. 
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The increased yield of the BSSS(R)C6 population can be 
accounted for in part by an increase in second ears and 
kernel weight. 
Simple phenotypic correlations were supportive that all 
characters except second ears per plant changed linearly with 
increased homozygosity. There were quadratic effects for ear 
length, ear diameter, kernel depth, yield, 300-kernel weight, 
and average barrenness per plant, but in all instances a 
linear model explained the majority of the variation. 
My data did not show an advantage to change from selfing 
to full-sibbing for inbred line development. The small gains 
by full-sibbing were not large enough to offset the additional 
time and funds required to develop inbred lines. Insertion of 
one to three generations of full-sibbing at intermediate 
levels of homozygosity could be a realistic improvement. 
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Explanation of Abbreviations Used 
in Appendix Tables 
Abbreviation Description 
Entry Entry number (each entry is identified 
in Table 2 of text) 
DS Date of silk (days after July 1) 
PH Plant height (cm) 
EH Ear height (cm) 
EL Ear length (cm) 
ED Ear diameter (cm) 
CD Cob diameter (cm) 
KD Kernel depth (cm) 
YP Yield per plant (g) 
TKW 3G0-kemel weight (g) 
SD Stand (plants per plot with a maximum of 
50) 
SEPERPT Second ears per plant 
BPPERPT Average barrenness per plant 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
37. Character means from the inbreeding study conducted at Ames Agronomy Research Center, 1974 
DS PH EH EL ED CD KD YP TKW SD SEPERPT EPPERPI 
30.8 179.0 86.8 18.3 4.8 2.9 1.8 158.3 70.2 43.6 .1321 .0179 
32.8 179.0 85.6 18.6 4.7 2.9 1.8 149.2 70.0 41.8 .1050 .0279 
31.6 166.8 79.6 18.9 4.6 3.0 1.6 152.0 75.2 38.2 .2048 .0353 
33.0 174.2 84.2 18.1 4.6 2.9 1.7 145.4 68.5 34.8 .1567 .0403 
33.0 162.8 72.0 18.0 4.4 2.9 1.5 130.1 70.4 39.6 .1925 .0306 
35.6 169.6 79.2 17.7 4.5 2.9 1.6 124.1 63.8 37.4 .1280 .0207 
32.2 163.8 71.8 18.1 4.4 2.8 1.6 122.5 72.5 43.0 .1954 .0528 
35.6 167.4 78.2 17.1 4.5 2.9 1.6 117.8 68.9 33.6 .0877 .0521 
33.6 164.0 75.8 17.3 4.6 2.9 1.7 133.8 69.6 38.4 .1837 .0214 
34.2 160.0 73.4 17.1 4.5 2.8 1.7 115.5 68.8 32.8 .1435 .0313 
34.3 148.2 72.6 16.5 4.4 2.8 1.6 101.7 65.0 34.8 .1894 .0715 
34.4 158.0 71.2 16.5 4.3 2.8 1.6 105.6 63.0 33.6 .1474 .0201 
34.0 147.2 64.0 16.8 4.2 2.8 1.4 99.2 67.5 35.8 .2081 .0449 
35.6 154.8 69.4 15.8 4.3 2.7 1.6 107.3 66.9 29.0 .1977 .0499 
34.8 147.8 66.6 15.5 4.3 2.7 1.6 90.3 61.7 35.6 .1491 .0900 
36.2 150.0 68.0 15.5 4.2 2.8 1.5 88.4 62.S 30.2 .1368 .0754 
34.6 147.4 65.2 15.8 4.2 2.7 1.5 86.1 65.8 35.2 .1601 .0783 
37.0 147.0 64.6 15.3 4.3 2.7 1.5 77.8 66.4 28.2 .1208 .0927 
37.0 145.4 66.6 15.9 4.2 2.7 1.4 74.5 62.5 32.0 .1392 .0586 
35.8 143.6 67.8 15.5 4.2 2.7 1.5 77,5 64.8 31.2 .1343 .0837 
37.8 149.0 63.8 14.5 4.0 2.7 1.3 66.3 59.1 27.4 .2460 .1321 
36.4 141.2 63.2 15.0 4.1 2.7 1.4 70.2 64.2 31.2 .1351 .1084 
36.6 149.2 62.2 14.2 3.9 2.7 1.3 69.1 67.6 26.8 .1272 .0823 
39.2 146.2 65.0 14.0 3.9 2.7 1.3 58.7 60.8 29.4 .2024 .1135 
38.0 141.2 65.8 14.4 4.0 2.7 1.3 71.7 64.5 23.8 .2390 .0542 
36.4 143.2 68.8 14.5 4.0 2.7 1.3 68.3 65.1 27.8 .1981 .1047 
30.0 186.0 93.0 19.2 4.8 2.9 1.9 181.1 71.5 44.8 .1026 .0381 
30.0 183.2 91.4 18.6 4.9 3.2 1.7 184.6 81.4 41.2 .2288 .0095 
29.8 187.0 91.4 19.8 4.8 3.0 1.8 188.2 74.3 42.8 .1386 .0080 
31.4 185.0 92.0 19.6 4.8 2.9 1.8 174.5 73.7 43.2 .1197 .0228 
Table 38. Character means from the inbreeding study conducted at Ames Hinds Farm, 1974 
Entry PH EH EL ED CD KD YP TKW SD SEPERPT BPPERPT 
1 188.0 85.0 18.4 4.7 2.9 1.7 161.9 74.0 42.4 .1191 .0368 
2 190.2 85.0 18.3 4.7 3.0 1.8 151.5 71.7 39.4 .1143 .0433 
3 176,2 72.2 18.9 4.5 3.0 1.6 140.7 75.1 42.6 .1894 .0100 
4 181.8 81.0 18.7 4.6 2.9 1.7 138.1 72.2 37.0 .1239 .0533 
5 176.2 78.0 17.9 4.5 3.0 1.5 127.0 73.4 43.4 .1867 .0350 
6 186.2 83.4 17.9 4.5 2.9 1.6 120.0 72.1 38.0 .1456 .0665 
7 171.4 70.4 18.5 4.4 2.9 1.5 128.6 71.0 40.6 .2557 .0350 
8 177.0 78.2 17.2 4.5 2.9 1.6 117.7 68.2 40.6 .0675 .0340 
9 174.6 76.2 17.0 4.5 2.9 1.6 114.0 74.1 35.0 .1002 .0891 
10 169.2 74.0 17.2 4.5 2.9 1.6 107.8 71.2 40.6 .1420 .0777 
11 169.6 72.8 16.6 4.4 2.9 1.5 106.9 68.1 39.8 .1349 .0718 
12 170.6 71.4 17.0 4.3 2.8 1.5 98.8 71.0 38.8 .1153 .0726 
13 159.2 65.2 17.2 4.3 2.8 1.5 104.2 74.5 35.2 .2594 .0840 
14 159.6 69.4 16.1 4.3 2.8 1.5 87.2 67.1 37.4 .1045 .1015 
15 155.8 66.0 15.7 4.3 2.8 1.5 86.6 67.1 37.0 .1449 .0970 
16 158.4 66.2 15.7 4.2 2.8 1.4 82.8 66.2 32.6 .1496 .0955 
17 154.2 63.8 16.2 4.2 2.9 1.4 79.0 70.1 35.6 .1583 .1468 
18 158.2 66.4 15.7 4.1 2.8 1.3 75.7 66.8 35.6 .1241 .1596 
19 154.0 67.4 15.1 4.1 2.8 1.4 78.7 65.3 35.0 .1511 .0871 
20 155.4 68.6 15.2 4.1 2.7 1.4 71.6 68.6 38.4 .1662 .1369 
21 153.6 6 5 . 2  15.5 4.1 2.8 1.3 70.7 67.2 35.0 .1596 .1104 
22 152.4 66.6 15.3 4.1 2.7 1.4 72.3 65.5 37.2 .1591 .1337 
23 148.8 61.4 15.0 4.0 2.7 1.4 70.8 68.0 31.6 .2340 .0927 
24 158.4 63.6 14.7 4.0 2.8 1.3 59.1 65.6 36.4 .1861 .1994 
25 150.4 65.0 15.0 4.0 2.7 1.3 64.8 66.9 35.8 .0638 .0898 
26 154.2 63.2 15.0 4.1 2.7 1.4 72.1 67.4 32.2 .1332 .1409 
27 196.0 92.2 19.3 4.7 3.0 1.7 159.7 74.6 47.6 .0644 .0747 
28 198.4 97.6 18.9 4.9 3.2 1.7 186.2 83.4 44.8 .2775 .0437 
29 194.2 88.0 20.0 4.7 3.0 1.7 166.4 72.2 44.2 .0981 .0145 
30 195.4 90.0 19.7 4.7 2.9 1.8 170.4 70.6 48.0 .1214 .0043 
Table 39. Character means from the inbreeding study conducted at Kanawha, 197^ 
Entry EL ED CD KD 
1 18.2 4,7 3 . 0  1.8 
2 17.6 4.7 3.0 1.7 
3 18.2 4.6 3.0 1.5 
4 17.6 4.6 3.0 1.6 
5 17.5 4.4 3.0 1.5 
6 1 6 .  6  4.5 3.0 1.5 
7 1 6 . 8  4.3 3.0 1 . 3  
8 17.2 4.6 3.1 1.5 
9 1 6 . 2  4.5  3.0 1.5 
10 1 6 . 3  4.4 2 . 9  1.5 
11 1 5 . 6  4.2 2.8 1.3 
12 15.5 4.2 2.9 1 . 3  
13 16.4 3.9 3 . 0  1.2 
14 15.0 4.2 2.9 1.3 
15 15.1 4.2 2.8 1.3 
1 6  14.8 4.1 2.8 1.4 
17 15.0 4.1 2.8 1.3 
18 14.8 4.1 2.8 1.2 
19 14.4 4.1 2.8 1.3 
20 14.6 4.0 2.8 1.2 
21 14.9 4.1 2.8 1.3 
22 14.5 4.1 2.8 1.3 
23 13.7 3.6 2.8 1.1 
24 14.3 3.9 2.8 1.2 
25 1 3.8 4.0 2.8 1.2 
2 6  14 „ 2 4.0 2.8 1.2 
27 18., 4 4.8 3.1 1.7 
2 8  18.7 4.8 3.2 ].. 6 
29 1 9 . 0  4.8 3.1 1.7 
30 18.9 4.8 3 . 0  1.8 
YP TKW SD SEPERPT BPPERPT 
141.2 
135.^ 
157.4 
118.5 
113.0 
101.3 
98 .1  
113.0 
9 6 . 0  
8 7 . 1  
7 8 . 5  
7 2 . 5  
8 8 . 6  
69.4 
68.7 
6 2 . 7  
7 0 . 0  
5 6 . 6  
6 0 . 7  
56.7 
55.8 
6 0 . 1  
47.2 
49.9  
46.7 
55.7 
151.7 
1 6 3 . 3  
1 6 7 . 3  
1 5 0 . 0  
6 2 . 7  
IV.l 
58.3 
58.5 
57.6 
6 0 . 0  
57.2 
6 0 . 8  
57.7 
6 0 . Ô  
5 6 . 1  
58.7 
54.0 
54.4 
55.3 
51.1 
54.9 
55.7 
52.2 
56.1 
54.5 
5 0 . 0  
5 0 . 0  
53.6 
6 2 . 2  
6 9 . 4  
65.4 
6 5 . 1  
42.4 
43.8 
It i  
37.4 
3 9 . 6  
3 2 . 8  
2 9 . 2  
33.4 
3 8 . 0  
40.2 
37.2 
3 6 . 6  
3 1 . 6  
37.4 
3 2 . 6  
3 6 . 0  
2 9 . 0  
3 6 . 6  
3 1 . 0  
34.8 
2 8 . 8  
2 8 . 6  
3 0 . 8  
34.8 
3 1 . 0  
46.0 
42.8 
41.4 
48.2 
.1853 
.1569 
.3490 
. 1 6 8 3  
.3355 
. 1 5 1 6  
. 3 2 0 1  
.1235 
.1083 
.0875 
. 1 2 7 2  
. 1 5 6 2  
.3187 
. 1 2 1 2  
. 1 6 2 1  
. 1 7 4 2  
. 1 7 4 0  
.1738 
. 1 1 9 9  
. 1 5 2 2  
. 0 6 2 9  
.1846 
.1416 
.1905 
.1089 
.1199 
.1163 
.3446 
.1586 
.0794 
.0279 
. 0 3 6 7  
.0375 
.0057 
.0384 
. 1 0 9 8  
.0483 
.0243 
.0455 
. 0 5 8 8  
. 0458 
. 1 1 6 5  
. 0 3 7 3  
.0941 
.0647 
. 0 8 7 6  
. o684 
.1158 
.1082 
.1116 
. 0 7 0 7  
. 1 2 2 7  
. 0 9 9 9  
. 1 1 0 7  
. 0 1 2 0  
. 0 0 5 0  
. 0 0 0 0  
. 0 2 0 3  
Table 4-0. Character means from the inbreeding study conducted at Martinsburg, 197^ 
Entry EL ED CD KD YP TKW 
1 1 8 . 0  4.. 8 3 . 0  1.9 147.3 7 1 . 8  
2  1 8 . 2  4.. 7 3 . 0  1 . 8  151.4 74.1 
3 1 8 . 0  4.5 3.0 1 . 5  139.6 74.8 
k 17.4 4.7 3 . 0  1.8 130.1 7 2 . 0  
5 17.5 4.5 3.0 1 .6 117.0 73.3 
6  1 6 .6 4. 5 2 . 8  1.7 113.6 6 7 . 3  
7 17.5 4.4 2.9 1 .6 116.2 7 1 . 6  
8 1 6 . 8  4.6 2.9 1 . 7  1 1 6 . 8  69.9 
9 15.9 4.4 2.8 1.6 104.0 71.5 
10 15.9 4.5 2.9 1.6 97.3 6 9 . 3  
11 16.1 4 . 5  2.9 1.6 102.2 68.0 
12 1 5 . 1  4.3 2.8 1 . 5  8 5 . 8  68.1 
13 1 6 . 3  4.3 2.9 L.4 95.4 72.5 
14 15.4 4.3 2.8 1.5 82.4 6 7 . 8  
15 14.9 4.2 2 . 8  1.5 79.2 64.8 
16 14.9 4.2 2 . 8  1.5 7 6 . 2  6 5 . 2  
17 1 5 . 1  4.2 2 . 8  1.5 81.0 66.2 
18 14.2 4.1 2 . 7  1.4 6 0 . 5  68.4 
19 14.4- 4.2 2.8 1.4 6 6 .1 64.0 
20 14.0 4.1 2.8 1.3 6 0 .  0  61.9 
2 1  14.2 4.1 2 . 7  1.4 59.3 64.2 
22 14.9 4.1 2.8 1.4 64.2 66. 5 
23 14.1 4.1 2.8 1.4 6 1 . 3  66.6 
24 13.9 4.1 2 . 7  1.4 55.8 6 3 . 1  
25 13.8 4.0 2 . 7  1.2 55.4 66.6 
26 14.3 4.0 2.8 1.3 6 7 . 0  6 5 . 0  
27 18.4 4.8 3.0 1.9 159.0 73.7 
28 17.7 4 . 9  3.2 1.7 168.4 8 5 . 1  
29 18.9 4.8 3.0 1.8 1 7 6 . 2  79.2 
30 1 9 . 0  4.8 3 . 0  1.8 164.0 74.1 
SD SEPERPT BPPERPT 
45.2 . 0684 . 0 1 2 8  
41.8 .  0 6 1 5  .0364 
4 3 . 0  .1907 . 0 2 9 6  
3 8 . 8  .0877 .0416 
41.6 . 1 0 2 8  . 0 6 2 2  
37.4 .0911 . 0 3 2 6  
40.8 .1174 .0843 
39.2 . 1 0 2 6  .0355 
34.4 . 0 6 5 8  .0751 
37.2 .  0 6 6 8  . 0 5 6 8  
37.8 . 1 0 1 2  .0470 
35.0 .1330 . 0 8 9 2  
42.4 .1706 . 0 8 0 0  
36.4 .1061 .0700 
37.0 .1049 .0747 
34.2 .1331 .1317 
35.4 .1356 .0725 
33.2 . 1 2 5 8  .1456 
36.4 . 0 9 7 6  .0652 
32.2 . 1 1 3 6  .1741 
3 2.4 .1047 .1775 
3 6 . 2  . 0 4 7 1  .1325 
35.4 .1328 .1598 
3 6 . 8  .1142 .1235 
3 1 . 6  . 1 3 0 3  .1133 
1  3 2 . 2  .1088 . 1 2 2 0  
45.4 .0745 .0223 
46.2 . 2 0 6 9  . 0 0 0 0  
41.6 .0523 . 0 0 0 0  
45.4 . 0 7 1 1  . 0 0 0 0  
Table 41. Character means from the inbreeding study conducted at Ames Agronomy Research Center, 1975 
Entry DS PH EH EL ED CD KD YP TKW SO SEPERPT 
1 23.0 190.2 98.6 17.7 4.8 3.0 1.8 197.1 80.8 39.6 .2773 
2 23.8 190.6 98.2 18. 1  4.9 2.9 2.0 194.1 84.4 37.6 .2910 
3 25.8 144.2 72.6 14.7 4.2 2.8 1.3 86.8 72,1 36.8 .3700 
4 22.2 183.6 89.0 18.4 4.7 3.0 1.7 196.9 80.7 34.4 .2894 
5 24.6 179.8 92.8 17.3 4.8 3.0 1.8 172.3 80.3 36.2 .4047 
6 23.0 172.2 81.8 18.2 4.7 2.9 1.8 168.7 83.0 38.0 .2593 
7 25.2 172.6 93.8 16.4 4.6 2.9 1.7 140.4 77.2 35.8 .3768 
8 22.6 175.6 83.6 18.9 4.6 3.0 1.6 179.7 78.5 36.2 .1691 
9 25.6 170.8 92.4 16.3 4.6 2.9 1.7 134.9 77.8 31.8 .1589 
10 25.0 165.8 86.2 16.7 4.7 2.9 1.7 128.2 75.3 37.6 .2503 
11 25.4 166.6 82.4 15.9 4.5 2.8 1.7 128.4 77.8 33.8 .2446 
12 24.8 166.2 82.8 16.3 4.5 2.9 1.6 116.9 81.9 37.0 .2084 
13 26.2 161.6 79.8 15.5 4.4 2.9 1.5 111.4 75.7 34.8 .3003 
14 23.8 162.6 75.6 16.8 4.3 2.9 1.4 125.7 79.6 30.8 .2736 
15 25.6 151.0 75.0 15.9 4.4 2.9 1.5 118.6 77.8 37.8 .2134 
16 26.2 154.8 76.4 15.4 4.4 2.9 1.5 98.4 75.5 30.8 .2580 
17 25.8 151.4 78.0 15.4 4.4 2.9 1.5 103.1 79.0 32.0 .2528 
18 25.6 151.4 72.8 15.3 4.3 2.8 1.5 103.4 77.7 25.6 .2293 
19 27.2 151.8 76.8 14.2 4.3 2.8 1.4 96.1 80.5 33.8 .2057 
20 26.4 147.2 71.2 14.6 4.2 2.8 1.4 83.1 72.7 30.4 .3041 
21 25,6 150.4 72.2 15.1 4.2 2.9 1.3 98.9 80.8 29.0 .2279 
22 26.8 148.6 73.6 14.6 4.1 2.8 1.3 81.1 74.2 32.0 .1950 
23 26.4 145.6 71.4 15.3 4.1 2.8 1.3 81.5 74.1 30.8 .1954 
24 27.8 147.0 64.8 14.2 4.0 2.8 1.3 72.0 74.1 31.2 .1858 
25 26.4 141.0 68.8 13.8 4.1 2.7 1.4 65.7 75.6 29.2 .2121 
26 26.8 141.8 75.4 15.2 4.2 2.7 1.4 78.9 76.0 28.2 .2176 
27 23.4 195.8 111.0 17.1 5.0 3.0 1.9 197.0 85.2 42.6 .2190 
28 23.2 200.0 111.8 17.7 5.0 3.2 1.8 243.4 94.0 39.4 .4725 
29 22.6 202.6 115.2 18.4 4.9 3.0 1.9 209.5 82.4 38.8 
.2031 
30 22.4 200.6 111.4 17.8 4.9 3.0 1.9 196.1 86.5 40.0 .1280 
Table 42. Character means from the inbreeding study conducted at Ames Hinds Farm, 1975 
Entry PH Eli EL ED CD KD YP TKW SD SEPERPT 
1 183.2 87.2 17.1 4.7 2.9 1.8 141.9 79.1 43.0 .0610 
2 181.6 87.4 16.1 4.7 3.0 1.7 139.9 78.1 41.6 .0914 
3 172.4 79.8 17.1 4.6 3.0 1.6 127.3 80.8 38.8 .1267 
4 172.0 81.8 15.9 4.6 2.9 1.6 119.3 79.4 40.2 .0482 
5 173.6 79.4 15.8 4.3 2.9 1.5 117.3 78.9 41.4 .1341 
6 173.8 80.0 16.1 4.5 3.0 1.5 118.5 74.6 37.6 .0762 
7 170.2 75.2 17.1 4.4 2.9 1.5 118.3 79.1 40.6 .1976 
8 165.8 77.0 15.7 4.5 2.8 1.7 112.8 76.5 36.4 .0557 
9 167.0 75.2 15.7 4.5 2.9 1.6 109.7 78.3 34.8 .0715 
10 158.0 72.0 15.8 4.4 2.9 1.6 93.4 75.2 37.0 .1257 
11 153.2 65.8 15.6 4.3 2.8 1.5 87.6 71.7 35.8 .1236 
12 157.8 73.2 15.6 4.3 2.8 1.5 95.3 71.5 36.0 .1682 
13 155.4 69.0 15.8 4.3 2.8 1.4 83.1 69.5 40.2 .1590 
14 149.0 63.6 15.3 4.3 2.9 1.4 87.7 72.9 35.8 .0898 
15 152.8 68.8 14.6 4.3 2.8 1.4 74.3 70.1 34.4 .0789 
16 149.8 66.2 14.9 4.1 2.8 1.4 66.0 74.5 36.0 .0649 
17 148.0 65.4 15.0 4.3 2.8 1.5 73.2 70.4 36.8 .0470 
18 145.2 62.2 14.2 4.1 2.9 1.3 58.4 74.7 32.4 .1584 
19 145.2 63.4 15.1 4.1 2.8 1.3 72.9 67.7 34.0 .1531 
20 144.2 61.8 14.5 4.2 2.9 1.3 64.4 72.2 34.6 .0838 
21 141.2 60.4 14.0 4.1 2.8 1.3 56.0 68.2 32.8 .0430 
22 139.2 60.4 14.4 4.0 2.6 1.4 63.8 69.0 30.8 .1039 
23 140.8 69.6 13.9 4.0 2.8 1.2 68.6 74.7 31.2 .2433 
24 140.2 63.8 14.2 4.0 2.8 1.2 56.3 65.3 35.0 .0815 
25 137.8 61.8 13.5 3.9 2.7 1.2 55.7 69.5 36.0 .1761 
26 140.2 60.8 14.2 4.0 2.8 1.3 62.8 76.0 34.2 .1225 
27 198.6 99.4 17.7 4.9 3.0 1.9 161.6 81.5 42.2 .0506 
28 198.4 98.0 17.7 4.9 3.2 1.8 184.6 85.6 40.6 .1931 
29 184.8 88.4 16.8 4.6 2.9 1.8 146.4 84.3 39.6 .1271 
30 200.8 98.4 18.0 4.8 2.9 1.9 160.1 82.2 42.4 .0525 
116 
Table 4]. Character means from the inbreeding study conducted 
at Kanawha, 1975 
Entry EL ED CD KD YP TKW SD SEPERPT 
1 18.1 4.8 3.0 1.8 178.2 78.1 46.2 .1167 
2 17.9 4.9 3.0 1.8 163.3 83.9 44.0 .1132 
3 17.0 4.6 2.9 1.6 145.7 79.7 43.4 .2478 
4 17.2 4.8 3.0 1.8 153.2 82.4 43.0 .1076 
5 17.4 4.5 2.9 1.6 128.1 74.3 39.8 .2678 
6 17.2 4.7 2.9 1.7 127.9 74.3 38.8 .1325 
7 17.6 4.4 2.9 1.5 133.9 79.4 43.4 .3083 
8 16.5 4.6 3.0 1.6 129.4 76.5 41.8 .0859 
9 16.0 4.6 2.9 1.7 124.7 71.2 34.0 .0983 
10 16.3 4.5 2.9 1.6 109.0 77.5 38.8 .1441 
11 15.4 4.4 2.9 1.5 103.7 77.1 41.0 .1319 
12 15.7 4.2 2.8 1.4 79.8 67.9 36.2 .1168 
13 16.2 4.2 2.8 1.4 97.4 69.0 36.4 .2978 
14 15.4 4.2 2.8 1.4 88.2 72.8 39.8 .1453 
15 15.8 4.3 2.8 1.5 88.4 73.5 41.2 .1065 
16 15.6 4.3 2.9 1.4 84.5 72.2 37.6 .1536 
17 15.7 4.3 2.8 1.5 87.9 73.6 38.6 .1190 
18 14.6 4.1 2.9 1.2 72.9 68.2 35.8 .1180 
19 14.6 4.2 2.9 1.4 72.2 71.6 40.6 .0926 
20 14.8 4.2 2.8 1.4 76.3 73.0 38.2 .1365 
21 14.6 4.1 2.9 1.3 67.8 71.1 34.4 .1066 
22 15.0 4.1 2.8 1.3 71.4 72.1 37.2 .1787 
23 14.0 4.1 2:8 1 = 3 65=6 70.1 34.8 .1470 
24 14.4 4.0 2.8 1.2 56.0 69.0 37.S .1348 
13.9 4.0 2.8 1.3 61.7 68.3 37.8 .0930 
26 14.6 4.1 2.8 1.3 72.7 73.6 37.2 .1517 
27 18.6 4.0 3.0 2.0 202.8 81.3 43.0 .1861 
28 17 • 9 5.0 3.2 1.7 205.4 86.4 40.2 .2790 
29 18.8 4.9 3.0 1.9 172.9 81.1 42.4 .1636 
30 18.8 4.8 3.0 1.8 189.9 77.2 43.6 .1122 
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Table 44. Character means from the inbreeding study conducted 
at Martinsburg, 1975 
Entry EL ED CD KD YP TKW SD SEPERPT 
1 15.8 4.6 2.9 1.7 129.0 82.8 45.4 .0873 
2 15.6 4.6 3.0 1.6 124.2 80.5 40.2 .0583 
3 16.4 4.4 3.0 1.4. 130.1 81.0 43.2 .1818 
4 15.5 4.6 2.9 1.7 107.5 80.5 44.2 .0711 
5 15.9 4.4 3.0 1.4. 120.1 78.1 46.2 .1175 
6 14.. 7 4.4. 2.9 1.5 84.1 75.5 43.2 .0471 
7 16.2 4.2 2.9 1.3 112.1 79.7 41.8 .1035 
8 15.2 4.6 2.9 1.6 92.4 78.8 44.0 .0426 
9 14.7 4.5 2.9 1.6 82.9 77.5 38.6 .0367 
10 14.4 4.3 2.9 1.4. 75.9 81.9 42.0 .0680 
11 13.9 4.2 2.8 1.4. 63.9 75.3 42.6 .0651 
12 13.8 4 = 3 2.8 1.4. 62.6 80.8 43.4 .0602 
13 15.7 4.2 2.9 1.3 90.0 75.0 42.4 .0729 
14. 14.1 4.2 2.9 1.4 60.1 72.0 41.8 .0235 
15 13.7 4.2 2.8 1.4 57.9 78.0 42.8 .0564 
16 13.8 4.1 2.9 1.2 51.4 75.4 41.8 .0483 
17 13.5 4.1 2.9 1.2 56.7 74.3 42.4 .0729 
18 12.6 4.0 2.8 1.1 38.5 74.9 41.4 .0379 
19 12.9 4.0 2.8 1.2 45.7 75.3 41.8 .0409 
20 13.6 4.0 2.8 1.2 45.2 75.0 41.2 .0465 
21 12.8 3.9 2.8 1.1 42.9 72.6 40.4 .0746 
22 12.8 4.0 2.8 1.2 58.9 75.4 39.8 .0586 
23 13.0 4.0 2.8 1.1 40.1 73.3 41.8 .0650 
24 12.2 3.8 2:8 IcO 30,5 71.1 41.2 . 0139 
25 12'.7 3.9 2.8 1.1 40.2 71.0 37.8 .0581 
26 12.6 4.0 2.8 1.2 49.0 77.7 37.4 .0883 
27 16.1 4.7 2.9 1.9 154.1 82.9 43.2 .0436 
28 16.2 4.9 3.1 1.7 152.4 95.2 46.2 .1356 
29 16.7 4.7 3.0 1.7 159.4 86.1 43.6 .0731 
30 16.4 4.7 2.9 1.7 139.4 81.3 48.2 .0293 
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Table ^5* Character means from the inbreeding study conducted 
at Ankeny, 1975 
Entry EL ED CD KD YP TKW SD SEPERPT 
1 17.4 4.8 3.0 1.8 178.5 81.7 42.4 .0678 
2 17.4 4.7 3.0 1.7 139.6 86.1 43.0 .0649 
3 17.4 4.5 2.9 1.6 141.6 79.9 41.0 .1905 
4 15.3 4.5 2.9 1.6 104.5 85.5 42.4 .0854 
5 17.3 4.5 3.0 1.5 126.7 81.6 45.2 .1474 
6 16.4 4.4 2.9 1.5 79.2 79.4 42.2 .0242 
7 17.0 4.4 2.9 1.5 105.1 80.0 43.6 .1114 
8 15.2 4.5 2.9 1.6 87.0 80.1 42.8 .0237 
9 15.5 4.5 2.9 1.6 95.3 76.2 39.4 .0659 
10 14.6 4.4 2.9 1.5 80.2 76.1 37.8 .0374 
11 15.1 4.4 2.9 1.5 79.7 77.3 42.6 .0317 
12 14.9 4.3 2.9 1.4 71.0 78.5 42.2 .0479 
13 16.1 4.1 2.9 1.2 76.4 75.1 41.6 .0625 
14 13.6 4.2 2.9 1.3 53.0 76.1 39.2 .0157 
15 14.6 4.3 2.8 1.5 66.7 70.9 41.8 . 0666 
16 14.2 4.1 2.8 1.3 60.8 76.8 41.6 .0351 
17 14.3 4.1 2.8 1.4 59.6 77.1 40.4 .0436 
18 13.4 4.0 2.8 1.2 47.7 71.6 35.6 .0966 
19 14.1 4.1 2.8 1.3 56.8 73.9 39.0 .0529 
20 13.4 4.1 2.7 1.3 44.0 75.8 40.8 .0151 
21 13.7 4.1 2.9 1.2 51.1 79.0 39.0 .0611 
22 13.2 4.0 2.8 1.2 45.6 73.7 38.6 .0215 
23 13.8 4.0 2.8 1.2 50.9 76.0 38.8 .0873 
24 13' 8 \ « r\ y. V 2.8 1.2 51.3 74.1 36.4 = 07 04 
25 13.4 4.0 2.7 1.3 43.6 74.6 37.2 .0265 
26 13.5 4.0 2.8 1.2 46.9 72.4 36.8 .0615 
27 17.1 4.7 2.9 1.8 150.1 83.2 43.6 .0414 
28 16.5 4.9 3.2 1.7 152.3 97.7 44.0 .0683 
29 17.9 4.8 2.9 1.8 164.4 82.9 42.6 .0474 
30 17.3 4.7 3.0 1.7 145.4 81.9 41.2 .0331 
Table 46. Character means from the inbreeding study averaged over nine environments, 1974-75 
Entry DS PH EH EL ED CD KD YP TKW SD SEPERPT BPPERPT 
1 26.9 185.1 89.4 17.7 4.8 3.0 1.8 159.3 75.7 43.4 .1217 .0238 
2 28.3 184.1 89.0 17.5 4.7 3.0 1.8 149.8 76.5 41.5 .1174 .0361 
3 26.9 174.7 80.1 17.8 4.5 3.0 1.6 147.9 76.8 40.3 .2278 .0281 
4 28.8 176.9 84.9 17.0 4.6 2.9 1.7 132.1 75.5 39.6 .1265 .0352 
5 28.0 171.2 77.8 17.3 4.5 2.9 1.5 127.6 74.6 41.2 .2099 .0416 
6 30.4 175.5 84.1 16.6 4.5 2.9 1.6 112.1 71.3 39.1 .1173 .0399 
7 27.4 170.2 75.2 17.5 4.4 2.9 1.5 123.8 74.6 40.3 .2207 .0551 
8 30.6 170.2 81.4 16.4 4.6 2.9 1.6 113.5 72.7 38.2 .0843 .0365 
9 29.3 167.8 78.3 16.1 4.5 2.9 1.6 109.8 72.7 34.4 .0988 .0578 
10 29.8 163.4 75.4 15,9 4.4 2.9 1.6 99.4 72.8 38.0 .1184 .0562 
11 29.6 159.3 73.5 15.7 4.4 2.9 1.5 93.5 70.9 38.7 .1277 .0590 
12 30.3 162.0 73.9 15.5 4.3 2.8 1.5 87.0 70.3 37.7 .1282 .0746 
13 28.9 156.1 68.4 16.4 4.2 2.9 1.4 95.6 71.3 38.5 .2173 .0615 
14 30.6 153.6 69.3 15 2 4.3 2.8 1.4 83.8 69.8 35.8 .1197 .0789 
15 30.5 152.8 69.4 15.0 4.3 2.8 1.5 79.0 68.4 38.3 .1203 .0816 
16 31.0 152.4 69.6 15.0 4.2 2.8 1.4 75.1 69.6 35.3 .1282 .0976 
17 30.1 150.2 66.8 15.1 4.2 2.8 1.4 77.4 70.0 36.9 .1293 .0915 
18 32.1 150.5 67.5 14.3 4.1 2.8 1.3 64.9 69.2 33.0 .1316 .1284 
19 31.7 147.9 67.1 14.6 4.1 2.8 1.3 67.9 67.5 36.6 .1170 .0798 
20 30.7 148.4 67.6 14.5 4.1 2.8 1.3 66.1 69.8 35.3 .1280 .1266 
21 32.3 148.1 65.7 14.3 4.1 2.8 1.3 61.2 67.5 33.9 .1207 .1227 
22 31.1 144.2 65.7 14.4 4.1 2.8 1.3 64.6 68.3 34.6 .1204 .1243 
23 31.5 146.1 63.6 14.1 4.0 2.8 1.3 61.7 69.4 33.3 .1526 .1181 
24 33.5 147.9 64.3 14.0 4.0 2.8 1.2 54.4 65.9 35.0 .1311 .1376 
25 32.2 142.6 65.3 13.8 4.0 2.7 1.2 56.2 67.5 33.8 .1230 .0893 
26 31.6 144.8 67.0 14.2 4.0 2.8 1.3 63.7 69.6 33.0 .1335 .1196 
27 26.7 194.1 98.9 18.0 4.8 3.0 1.9 168.6 77.3 44.3 .0998 .0368 
28 26.6 195.0 99.7 17.8 4.9 3.2 1.7 182.3 86.5 42.8 .2451 .0145 
29 26.2 192.1 95.7 18.5 4.8 3.0 1.8 172.3 78.7 41>9 .1180 .0056 
30 26.9 195.4  97.9 18.4 4.8 3.0 1.8 165.5 77.0 44..? .0830 .0118 
